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Preface

This book owes its existence to a course on * Descriptive
Astronomy "’ which the author has given in Williams College
for nearly twenty years. One of the topics in this course
was “Time and Timekeepers.” It was a topic which always
aroused much interest in the students and caused a desire
for more information. For this reason it was treated at
perhaps greater length than is usually the case in a course
on Astronomy. The material and illustrations gathered for
this topic made the first small beginning for this book.

From that time on no opportunity was neglected to visit
museums or to inspect private collections of historic time-
pieces both in Europe and America. Practically the whole
literature of the subject was searched. Watch and clock
factories were visited. Many hours were spent with watch
and clock repair men in learning the methods of repairing,
cleaning, and adjusting timepieces. The booklets, cata-
logues, and price lists of modern watch and clock manu-
facturers were carefully read. The behavior of many time-
keepers in actual use was obtained. All this material has
been welded together and now appears in book form.

The literature on time and timekeepers is large. There
are many hundreds of books and pamphlets and many
popular and scientific magazine articles. In fact there are
several magazines devoted entirely to the subject. Nearly
all of the books, however, cover the field with some special
aspect of the subject in view. Some treat almost exclusively
of the history of watches and clocks. Some consider only
the case or housing of the timekeeper and neglect entirely
the mechanism. Some treat clocks and watches only
from the artistic point of view or as objects for the “Collector
of Antiques.” Others discuss only the technicalities of con-
struction, while still others are practical manuals for the

clock and watch repair man.
v



vi Preface

This book is intended for the general reader who is in-
terested in time and timekeepers. It is intended for public
libraries. It is hoped that the answer to every question’
which may be asked will be found in this book or that the
exact way of gaining the desired information will be pointed
out in the extensive classified bibliography. It is intended
as collateral reading in courses on Astronomy where time
and timekeepers are considered. It is intended for every
dealer in antique clocks and watches. It is intended for
every purchaser of an antique clock or watch. It is intended
for the apprentice and watch repairer, who should know
something of the evolution of timekeepers. In short it is
intended for every possessor of a timekeeper who is inter-
ested in its history, construction, care, and behavior.

The attempt has been made to cover the whole field.
For this reason, in order to avoid being superficial, the book
has grown to considerable size. It can lay no claim to
completeness, however. No single volume can cover all
phases of the subject fully. A full, carefully classified bibliog-
raphy of the subject is placed at the end as an appendix.
Here the way is pointed out for the further acquisition
of information on the part of him who desires it along
any line. Thisisin asensea “first book on the subject”
as no previous knowledge, particularly of technicalities, is
assumed. '

This book, then, starts at the beginning, assumes no
previous knowledge of the subject, covers the whole field
with reasonable fullness, and points the exact way for the
gaining of more information.

Each chapter of the book has been made as nearly com-
plete in itself as possible. Thus nearly every chapter can
be read independently of the rest of the book. This allows
a reader interested in one special thing to read the chapter
dealing with 1t and to omit the rest of the book if he so
desires. Certain chapters are closely related, however, and
if grouped together would form a treatise on a certain subject.
Thus chapters VITI, I1X, XIII, XIV, XV, XXI, XXII, and
XXIV would form a connected treatise on the watch.
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Chapters V, XI, and XII would form a treatise on clock
‘mechanism. Chapters XX, XXI, and XXII would form a
treatise on clockmaking and watchmaking at the present
time.

In choosing the illustrative material, preference has been
given to public museums rather than private collections.
The reason is obvious namely that a private collection is
not accessible to the public. The preference has also been
given to American museums rather than foreign, for the
reason that most of the readers of this book will live in
America.

In concluding a preface it is not only a duty but a real
pleasure to mention those who have been of particular
assistance. In this respect I should like especially to express
my thanks and appreciation to the Metropolitan Museum of
Art in New York City, the Boston Museum of Fine Arts,
Essex Institute in Salem, the British Museum, and the South
Kensington Museum in London, and the Louvre in Paris,
not only in the abstract for permission to examine objects
and reproduce photographs but also to those in charge of the
sections which have to do with watches and clocks for their
personal interest and helpfulness;

To many watch and clock factories throughout the world,
particularly to the Howard Watch Co.; the Waltham Watch
Co.; and the Seth Thomas Clock Co. in the United States;
L. Leroy & Cie, of Paris; Patek, Philippe & Cie and Vacheron
and Constantin, of Geneva, and Paul Ditisheim at La Chaux-
de-Fonds;

To the observatories at Besangon,Geneva, and Neuchatel,
where timekeepers are tested and much valuable information
was obtained;

To Percy Webster and his son Malcolm R. Webster of
37 Great Portland St., London, who are not only in the
business of selling antique watches and clocks but are gentle-
men who are thoroughly interested in the subject and are
glad to go out of their way to give assistance;

To Paul Ditisheim of La Chaux-de-Fonds, who is not only
a watchmaker but who is also a gentleman profoundly in-
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terested in all research in connection with watches and clocks
and glad to be of assistance;

To Henri Bouasse, professor of Physics at the University
of Toulouse in France, who has just published two volumes
on Pendule, Spiral, Diapason, for his kindly interest dur-
ing a stay of five months in that city;

To the National Museum, the United States Naval
Observatory, and the Bureau of Standards in Washington
for the valuable material which was obtained and to Mr. A.
F. Beal, the head of the watch testing section of the Bureau
of Standards, for his painstaking assistance. W.LM

Williamstown, Mass.
June 1923
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Time and Timekeepers

CHAPTER 1
TIME!

Definitions. — Time is usually defined as measured du-
ration. The first of these words suggests units in terms of
which to make the measurements and instruments, such
as clocks and watches, to do the measuring. The second
word suggests a philosophical concept. Our sense of du-
ration, together with our space perception, and our cer-
tainty of the existence of material objects around us, are
among the most fundamental concepts of the human mind.
It is not our purpose here to discuss these abstract philo-
sophical questions but to busy ourselves with the more con-
crete and definite matter of measuring time.

There are four kinds of time: (1) Sidereal time, (2) true
or apparent solar time, (3) mean or local solar time, and
(4) standard solar time. Of these, sidereal time will be found
only in astronomical observatories, but there it plays a very
important and fundamental part. The three kinds of solar
time form in a way an historic sequence. True solar time
was used when sun-dials were the only timekeepers, or rather
time indicators. The trouble with true solar time is that.
the actual duration of the various days is different in differ-
ent parts of the year, so that no simple watch or clock could
keep this kind of time. When mechanical timekeepers
came into general use and became at all exact it was dis-
carded in favor of mean solar time. The trouble with mean
solar time is that it is different for every place on the earth’s
surface unless the longitude happens to be the same. It
is thus not suited to the close-knit commercial and social

1If one is interested primarily in mechanical timekeeping and not in the rather
abstract subject of time and the like, the first three chapters may be omitted

without breaking the continuity in the least.
1
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life of to-day. It has therefore been discarded in favor
of standard time, which is practically universal now and
is the only kind of time met with in ordinary life. It will
be shown later that sidereal time and apparent solar time
are the only two which can be obtained by observing the
heavenly bodies with suitable instruments. The other
kinds of time must be obtained by computation from them. -

To measure time there must be some event which re-
peats itself again and again with perfect regularity and pre-
cision. The rotation of the earth on its axis i1s taken as
such an event and in the ultimate analysis i is the measurer
for all kinds of time. The earth rotates in 23" 56™ 4. 09°
of ordinary solar time — a little less than a day, a fact
not appreciated by every one. The question has been raised
as to the regularity of this rotation. Some of the greatest
astronomers, including Simon Newcomb, have investigated
it. The conclusion is that during the last several centuries
the time of rotation has certainly not changed by o.0or1* of
time. But even this change would make an accumulated
error of nearly } of a second in a year or about 37 seconds
in a century — a quantity easily measured. There is some
evidence that the accumulated error has amounted at times
to 3 or 4 seconds but not more. The earth is thus wonder-
fully regular in its rotation.

Sidereal time depends upon the posifion with reference
to the meridian of the vernal equinox which is a point on
the sky fixed among the stars. When the earth by its axial
rotation brings the vernal equinox to the meridian of any
place, the sidereal time is o*0™0®; a new sidereal day
begins. When the vernal equinox has completed its cir-
cuit and again returned to the meridian, the sidereal time
should again be o; the sidereal day has ended. This time
interval is slightly shorter than an ordinary solar day. In
these statements two terms have been used which are bor-
rowed from Astronomy. They are vernal equinox and
meridian. These terms may be familiar to all, but never-
theless it will not be amiss to define them accurately. To
do so requires a slight digression.
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The stars shine during the daytime as well as at night.
The only reason why we do not see them is because our eyes
are blinded by the sunlight which comes from our atmos-
phere. With a telescope the brighter ones can' be seen by
day. At any given moment the sun occupies a definite posi-
tion among the stars on the face of the sky. The sun is not
stationary, however, but moves slowly and steadily east-
ward among the stars. Its rate of progress is not uniform,
but it never stops or goes backward. It completes its
circuit and returns to the starting point in one year. All
this has nothing to do with the rising and setting of the sun,
which 1s caused simply by the earth’s rotation, which af-
fects both sun and stars alike. This path of the sun among
the stars, which is a great circle on the face of the sky, is
called the ecliptic. It is so called because eclipses can
occur only when the moon is crossing this path. The posi-
tion on the ecliptic which the sun occupies on the 21st of
March is called the vernal equinox. This date is chosen
because it is then that the sun crosses the celestial equator,
“the line,”” as it is popularly called. The celestial equator
is the great circle in which the plane of the earth’s equator
intersects the sky. The north pole of the sky is the point
where the earth’s axis produced cuts the sky. This point
is located in the constellation of Ursa Minor not far from
the pole star, Polaris.

The meridian is the north and south line of the sky
which passes through the north pole of the sky and the
point directly overhead, the zenith.

In Fig. 1 these relations are shown. The inner sphere
represents the earth with its equator and axis produced.
The outer sphere is the sky and shows the celestial equator
and the north pole of the sky. A part of the ecliptic or
path of the sun is shown cutting the equator at the vernal
equinox.

There are eighty-eight constellations, and twelve of these
form a belt with the ecliptic as the central line. This belt is
the zodiac and the constellations are: Aries, Taurus, Gemini,
Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, Capricornus,
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Aquarius, Pisces. The vernal equinox has been spoken of as
a fixed point among the stars. This must be somewhat quali-
fied. It is fixed as far as the unaided eye can detect in a
lifetime. It is, however, moving very, very slowly west-
ward along the ecliptic. This is known as the precession of
the equinoxes. In Babylonian times it was in Taurus.
Since then it has moved back through Taurus past the red-
dish-white star Aldebaran, past the little group of six or

Zenith
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FIG. 1.—DIAGRAM SHOWING THE LOCATION OF VARIOUS
POINTS AND CIRCLES ON THE FACE OF THE SKY.

more faint stars called the Pleiades, past three stars which
are in Aries and form a little “pulled out” or scalene tri-
angle, back into Pisces, until now it lies close to a very per-
fect pentagon of faint stars which mark the westernmost
part of Pisces. Just above the pentagon is the southern
side of the great square of Pegasus. All these stars and
constellations lie high up in the southeast and in the east
during the early evening in autumn. There is an ever in-
creasing number of people who take pleasure in identifying
the stars and constellations. It will be a real pleasure to
know this region of the sky. It is shown in Fig. 2.
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The subject of sidereal time may now be resumed.
When the vernal equinox crosses the meridian of a place a
sidereal day begins; when it again returns to the meridian,
the sidereal day ends. This day is divided like an ordinary
solar day into 24 equal hours, numbered continuously from
I to XXI1V, an hour into 60 minutes, and a minute into 60
seconds. There is no necessary reason for this choice of
numbers. There could just as well have been 20 hours in
the day or 100 minutes in the hour. It is a Babylonian in-
heritance, for the Babylonians loved the number 12 and all
its multiples and subdivisions. It was their mystic num-
ber probably because there are 12 full moons in the course
of a year. Thus we have 12 months in the year, 360
(12 X 30) degrees in a circle, 24 (12 X 2) hours in a day,
60 (12 X 5) minutes in an hour, and 60 (12 X 5) seconds
in a2 minute. And what number could be more suitable
than 60? It can be exactly divided by all numbers from 1
to 6 inclusive. Thus we can have quarter hours, and five-
minute intervals, and ten-minute intervals, and the like.
Any watch or clock can be easily made to keep sidereal
time by simply causing it to run a little faster than when
it is keeping solar time. It will be seen that sidereal time,
like all other kinds of time, is really determined by the
earth’s rotation, which brings the vernal equinox to the
meridian or rather the meridian to the vernal equinox, for
it is in reality the rotation of the earth on its axis which
causes the heavenly bodies to apparently rise, cross the
meridian, and set.

Sidereal time may be easily determined with the utmost
precision by simply observing the stars. Observing the
vernal equinox would be easier, but there happens to be no
star at this point. All that is necessary is a star catalogue
and a suitable instrument called a meridian circle or transit
instrument. The one used at Washington at the U. S.
Naval Observatory for determining sidereal time is pic-
tured in Fig. 3. It consists essentially of a telescope at
right angles to a ngid axis which should be horizontal and
point east and west. The telescope, as it moves, thus
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traces out the meridian, and stars can be observed only
when crossing the meridian. A star catalogue contains a
list of stars for which among other things is given their po-
sition on the face of the sky reckoned from the vernal
equinox and called right ascension. There are many such
lists of stars of varying accuracy. A list of several hun-
dred so-called standard stars is contained in The Ameri-
can Ephemeris and Nautical Almanac. This is published
annually by the U. S. Naval Observatory. A similar year
book is also published by Great Britain, France, and Ger-
many. By observing a certain number of these standard
stars with a first-class instrument with the greatest of care
it i1s possible to determine sidereal time within a few thou-
sandths of a second. This is the limit of present-day astro-
nomical precision. There are other instruments which can
be used and sometimes must be used and there are quite a
few other methods of determining sidereal time, but the ac-
curacy is not comparable with that obtained with the me-
ridian circle. Historically, too, other methods have been
used earlier, for the transit instrument was first invented by
Roemer in the seventeenth century. Thus the truth of the
statement that all accurate time comes from the stars!

True or apparent solar time. — Just as sidereal time de-
pends upon the vernal equinox, so true or apparent solar
time depends upon the sun. When the center of the actual
sun is on the meridian it is true solar noon. When the cen-
ter of the sun is again on the meridian, it is noon once more
and a true solar day has passed. The true solar day is now
divided into twenty-four equal hours, usually numbered in
two groups from I to XII.

The Babylonian-Greek system was to divide the day,
that is the period from sunrise to sunset, into 12 hours and
the night into 12 hours. Thus during the summer the day-
time hours were longer than the night hours. During the
winter the opposite was true. These are often called tem-
porary hours. Our own method comes from the Egyptians
and Romans, who divided the whole day into 24 equal
parts, numbered however in two groups of 12. Thus among



Time 9

the early peoples and even during the Middle Ages there
were various ways in different localities of subdividing the
day, and the hour (I) did not always come next to noon
and midnight. The Babylonians began their day at sun-
rise, the Jews and Greeks at sunset, and the Egyptians and
Romans at midnight. The reason for having two groups of
twelve hours rather than two groups of seven or ten is
because it is a Babylonian inheritance.

The great dificulty with true solar time is that the
actual duration of the true solar day in various parts of the
year is not the same. And the difference in duration is by
no means extremely small. For example, if a clock were
to run through exactly 24 hours on September 16, that
same clock running in exactly the same way would run
through 24 hours and 51 seconds on December 23. That
solar day has that much longer duration and yet it must
be considered to have in it just 24 hours. Each hour must
therefore have a little longer duration. No mechanical time-
keeper, unless extremely elaborate, could keep this kind of
time, and thus true or apparent solar time was discarded
in favor of mean solar time. True solar time can be
kept only by a sun-dial, but here 1t is not really kept but
only indicated, for it is the sun itself which records its
own time.

True solar time may be obtained by observing the sun
with suitable instruments. No great accuracy can, how-
ever, be obtained, for the sun is too large an object to be
observed well and it heats the instruments too much. If an
accuracy of 0.1* were obtained it would be very good.

Mean solar time. — The actual durations of the various
true solar days in a year are thus averaged, and the average
is called a mean solar day. One can think of mean solar
time as depending upon an imaginary, fictitious sun, some-
times called the mean sun, which in the long run keeps
pace with the real sun, but which comes to the meridian
each day after the lapse of the same interval of time.
Sornetimes it will be ahead of the real sun and sometimes
behind. It will have to move eastward in the equator with"
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uniform speed because it is the eastward motion of the real
sun in the ecliptic with variable speed which causes the
true solar days to have different durations. It is mean
solar noon when the center of this fictitious sun comes to
the meridian. A mean solar day has passed when it again
comes to the meridian. A mean solar day is also divided
into 24 equal hours, each hour into 60 minutes, each min-
ute into 60 seconds.

Mean solar time cannot be found by observation for
the simple reason that there is no object to observe. Mean
time is sometimes called local time because each place has
its own time. The farther west a place is, the later will the
mean sun come to its meridian. It is also true in the case
of sidereal time and true solar time that each place has its
own time.

The interrelation between mean solar time and sidereal
time. — Sidereal time and solar time agree about March 21
because sidereal time is run by the vernal equinox and solar
time by the sun, and the sun is in the vernal equinox about
that date. From then on sidereal time gains over solar
time because the sun moves eastward among the stars and
thus comes later each day to the meridian than does the
vernal equinox. Thus a sidereal day has a shorter duration
than a solar day; a sidereal hour than a solar hour; a side-
real minute than a solar minute. The sun makes a com-
plete circuit of the sky and returns to the vernal equinox
in a year. There are thus 365.2422 solar days in a year
and 366.2422 sidereal days. An interval of solar time can
thus be changed to an interval of sidereal time, or vice
versa, by using these numbers as a ratio. A numerical ex-
ample will perhaps make this clearer. How much sidereal
time is there in an interval of 8 solar hours? The answer
is 8 times 366.2422 divided by 365.2422, which gives 8" 1™
18.85>. Thus 8 solar hours and 8"1™18.85" of sidereal
time have the same duration. Tables given in The American
Ephemeris and Nautical Almanac permit this computation
to be made quickly without multiplying or dividing by
these long numbers.
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Sidereal time gains, as we have seen, one day over solar
time in a year. This amounts to about two hours a month
or a little less than four minutes a day. It is thus possi-
ble to compute mentally about what sidereal time corre-
sponds to any solar time. For example, what is the side-
real time at 8 P.M. solar time on November 1? On March
21 the two agree. By September 21 sidereal time has gained
12 hours; by October 21, 2 hours more. In the 11 days to
November 1 it has gained about 44 minutes. Thus the total
gain is about 14" 44™, and the sidereal time at 8 p.m.,
November 1, should be about 22" 44™. This, of course, is
a rough computation but is correct within a few minutes.

To determine exactly the sidereal time corresponding to
a given mean solar time or vice versa, tables given in The
American Ephemeris must be used. In one table is given
for each day in the year the sidereal time of mean solar
noon at Greenwich, and this is the key to the situation.
If the longitude of any place is known, then the sidereal
time of mean solar noon at that place can be found and
from this the sidereal time corresponding to any mean solar
time. But these details are interesting chiefly to those who
like Mathematics or Astronomy, and a further treatment is
thus relegated to Appendix IV. It is sufficient for the
general reader to know that by using tables in The American
Ephemeris the sidereal time can be computed from mean
solar time or vice versa with the utmost precision. It takes
but two or three minutes to make the computation.

The interrelation between true solar time and mean
solar time. — The difference between true or apparent solar
time and mean solar time is called the equation of time. Tt is
zero several times a year and never has a value as large as
eighteen minutes. It may be thought of as the difference
between the real sun and the imaginary mean sun which
runs mean solar time. These two objects in a sense “play
tag” with each other on the face of the sky. Sometimes
one is ahead, sometimes the other. They are sometimes
together (i.e., cross the meridian at the same time) and
they are never as far apart as eighteen minutes.
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There are two items or factors which enter into the
equation of time. The real sun moves with irregular speed
and its path is the ecliptic, whereas the 1 imaginary mean sun
moves eastward with uniform speed and in the celestial
equator. These two factors must first be considered sepa-
rately. The irregular speed of the real sun eastward among
the stars is due, of course, to the irregular speed of the
earth in its orbit about the sun, for it is the real motion of
the earth which causes the apparent motion of the sun.
The earth is nearest the sun and moves fastest on January 1,
which causes the sun to apparently move eastward among
the stars with its greatest speed at that time. On July 1
the earth is farthest from the sun and moves slowest. Due
to this factor alone, the equation of time would be zero on
January 1 and July 1, and have its largest value of a little
less than eight minutes in between. The second factor is
because the sun’s path is the ecliptic, not the celestial equa-
tor. It might seem that that ought not to make any dif-
ference, but the ecliptic runs “crosswise on the sky,” so that
even if the sun covered the same space each day, the pro-
jections of these equal spaces on the celestial equator would
not be equal.! Due to this factor alone the equation of time
would be zero four times a vear at the two equinoxes and
the two solstices, that is on about the 21st of March, June,
September, and December, and would have its greatest
value of about ten minutes in between. To get the actual
equation of time the two factors must be combined. This
has been done graphically in Fig. 4. The interval in the date
is one month and the interval in time is five minutes. The
value of the first factor 1s shown as a dotted curve, while
the value of the second factor is given in dashes. The
actual equation of time as found by combining the two
factors is shown as a heavy line. The value of the equation
of time, as will be seen, 1s zero four times a year at irregular,

LIf a celestial globe is available it is easy enough to prove this fact. Lay off
on the equator and also on the ecliptic 157 spaces, starting with the vernal equinox.
These circles will be found drawn on the globe itself among the stars.  Now turn

the globe slowly and it will be scen that only four pairs of these points come to
the brass meridian ring at the same time.



Time 13

unexpected dates, namely, about April 16, June 15, Sep-
tember 2, and December 25. These are the dates when
the heavy line crosses the OX (date) axis in the figure.
Its greatest positive value is a little less than 17 minutes
on November 3, its greatest negative value i1s a little less
than 15 minutes on the 12th of February. These dates
and the diagram are really for the year 1922, which is a
middle year between leap vears. The fact that there is an
extra day every four years in our calendar makes the values
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FIG. 4. —THE EQUATION OF TIME AND THE TWO FACTORS
OF WHICH IT IS COMPOSED.

(Apparent — Mean = Equation of Time.)

of the equation of time and the dates slightly different in
different years.

In the accompanving table the actual values of the
equation of time for March 1 (Greenwich mean noon) are
given for several vears. It will be seen that they differ
by about ten seconds, and 1t will also be noticed that every
four years the value goes back to practically what it was
four years before.

March 1
1904 . —12™33.65° 1911 . . 40.85® 1918 . . . 3591°
1905 . . . 35.33" 1912 . . 33.49° 1919 . . . 38.76°
1906 . . . 38.65" 1913 . . 35.48% 1920 . . . 31.38°
1907 . . . 4l.42° 1914 . . 38.39° 1921 . . . 33.13°
1908 . . . 3240 1915 . . 40.6c 1922 . . . 36.28°
1909 . . . 36.23" 1916 . . 30.86° 1923 . . . 39.00°

9o . . . 37.60° 1917 . . 34.34"
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In the accompanying table the values of the equation
of time (at Greenwich mean noon) for the 1st, 11th, 21st,
and 31st of each month of 1922 are given. They of course
correspond with the curve shown in Fig. 4.

VaLues oF THE EquaTioN oF TiME

st 11th 21st 318t

{_anuary — 3m28.04® | — 7%52.59* | — 11®1g.12* | — 13®32.19°
ebruary — 13%41.03° | — 14™23.87° | — 13™49.88°
March — 12036.28 | — 10m18.21° | — 7m27.11° | — 4™25.05°
April . . — 4™ 6.95° | — 1™13.55* | 4+ 1™12.29*

ay + 2%54.35* | + 3™44.67° | + 373848 [ + 2m37.27
June + 2m28.66° | 4+ 0m43.96* | — 1™22.74°
July . — 3m29.25* | — smro51* | — 6™ 9520 | — 6™14.00°
August — 611.18 | — g™ 8.51®° | — 3™1037* | — om26.06°
September — o= 7.51* | + 3™12.29° | + 6m43.38°
October . .| +10m 7.164 | + 13™ 4.15° | + 15™12.55° | + 16®16.37°
November .| + 16m18.75% | + 15™57.40° | + 14™10.64°
December .| + 11™ 4.72* | + 6m54.95° | + 2™ 4.60* | — 2m51.88°

In both diagram and tables the equation of time has
been given in the sense, apparent solar time minus mean
solar time. The values in The American Ephemeris and in
many other becoks are given this way. In some books,
however, the equation of time is considered as mean time
minus true time. Thus care must always be exercised in
connection with the algebraic sign of the equation of time.
Consequently if the equation is taken as apparent minus
mean, then 4+ means that the equation must be added to
mean to get true and — means the opposite. If rough
values of the equation of time are desired, thev may be
taken with sufhcient accuracy from the diagram or the
table. If exact values are desired, they must be obtained
from The American Ephemeris for the given year and date.
Further details may be found in Appendix IV.

Another method of indicating graphically the values of
the equation of time i1s shown in Fig. 5. Here the values
of the equation of time are plotted horizontally and the
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dates, starting with December 21, are plotted vertically.
The reason for startmg with this date 1s because then the

sun stands lowest in
the sky at noon. It~
is possible from this
diagram, as well as
from the one shown
in Fig. 4, to read off
the value of the equa-
tion of time corre-
sponding to a given
date. The declina-
tion of the sun (which
may be obtained
from The American
Ephemeris) 1s some-
times used instead
of the date for the
vertical scale, and
sometimes the length
of the shadow of an
object cast by the
son on a horizontal
surface in a given
latitude. These
special ways are of
chief use when the
curve is to be used
in connection with a
sun-dial.

Standard time.—
Just as true solar
time gave place to
mean solar time
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FIG. s.—A SECOND METHOD OF INDICATING
GRAPHICALLY THE VALUE OF THE EQUATION
OF TIME.

when accurate clocks and watches became common, so
mean solar time became impossible as means of quick
communication and travel increased. Every city, town,
and village had its own mean solar or local time, that
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is, if they did not happen to have the same longitude.
Two places within easy reach of each other might have
times differing by seconds, yes, even minutes. Going 12
or 13 miles east or west in lat. 40° to 50° causes a difference
of one minute in local time. To obviate this dificulty all
places in a given belt would agree to deliberately run their
timepieces slow or fast by such an amount that the time
everywhere in the belt would be the same.

Historically considered, the desire for this standard or
uniform time began to be felt in the United States about
1870 or a little later. The United States invited an inter-
national congress, to be held at Washington in 1884, for
the purpose of proposing a standard meridian to which
longitude and time should be referred. But before this
congress met, the present system of standard time had been
practically put into operation by the managers of the
larger railroads.

There are now five standard time belts in North America.
They are called the Colonial, Eastern, Central, Mountain,
and Pacific standard time belts. Colonial standard time
exists only in Newfoundland and near-by portions of Canada
but not in the United States. Eastern standard time dif-
fers from Greenwich mean solar time by just five hours,
Central by six, Mountain by seven, and Pacific by eight.
They are of course all slow as compared with Greenwich
time. The boundaries of these belts are not straight and
regular because the places near the boundaries usually
show strong preferences for being in one belt or the other and
have been allowed to choose. Thus the boundaries of the
belts are irregular and their actual course across the coun-
try (in 1922) 1s shown in Fig. 6. This map was prepared by
the Bureau of Standards at Washington, D.C., and cor-
rected to Nov. 7, 1921.

Standard time is now practically universal throughout
the world. It was adopted by nearly all countries between
1890 and 1895. Usually the time differs by a whole num-
ber of hours or half hours from Greenwich mean solar time.
There are a few exceptions, however. In Belgium, France,
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and Holland Greenwich time is used. Germany, Italy,
Switzerland, and Sweden are one hour fast. Japan is nine
hours fast. A complete list of the standard times in all
countries is given in the publications of the U. S. Naval
Observatory, Vol. 1V, Appendix 1V, Washington, 1906
There have been, however, quite a few changes since 1906.

The relation between the mean solar or local time of a
place and the standard time depends simply upon the
longitude of the place. Suppose a place is in the Eastern
standard time belt and its longitude is 4* 52™ 50°. Its time-
keepers must be kept 5 hours slower than Greenwich time
to keep Eastern standard time. F or its longitude the time-
keepers ought to run only 4" 52™ 50" slower. Thus the
timekeepers must be dehberately run 7™ 10° slower than they
should be if they were keeping the mean solar time of the
place. Thus a rule for computing mean solar time from
standard or vice versa may be formulated as follows:
Subtract the longitude of the place from the time hour of
the belt. Add this difference (algebraically taking regard
of the sign) to the standard time to get mean solar or sub-
tract the difference from mean solar time to get standard.
Algebraically expressed:

mean s. t. = standard s. t. + (time hour of belt — longitude)

Summary. — A brief summary of much of the informa-
tion in connection with the four kinds of time and their

Observable mt% Observoble whh

ox/reme procsicn o great accuracy Mot cbservablp Wot obrarvable

Judkreol Tene True Solar Time Mear Sobr Trme Stardard Time
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FIG. 7. — THE INTERRELATIONS OF THE FOUR KINDS OF TIME.

interrelations can be given as a diagram (see Fig. 7). Mean
solar time and standard time at any given place never differ
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by more than 30 minutes if a place remains in the belt in
which it normally belongs. Mean solar time and true
solar time never differ by as much as 18 minutes. Sidereal
time and solar are radically different and may differ by
any number of hours. Further details in connection with
the change from one kind of time to another are given in
Appendix IV.

The story of our time service may now be related. It
is at the Naval Observatory in Washington, D.C., that
time is determined with
extreme accuracy and dis-
tributed over the whole
country east of the Rocky
Mountains. An aeroplane
view of this observatory is
shown in Fig. 8. It 1s
located in Georgetown just
outside of Washington.
The clock vaule is located
in the basement of one of
the buildings not far from
the six-inch transit instru-
ment. The plan of 1t is
shown in Fig. 9. The outer
ri6. o.—iE cLock vaurr ar tie Wall is of brick nine inches
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U. S. NAVAL OBSERVATORY. thick, with a floor consist-
A. A nine-inch brick wall ing of eight inches of con-
B. Wooden partition. i 1
C. The three brick picrs. crete and a cel.lmg com-
D. Rictler clock No. 70, posed of six inches of
E. Rietler clock No. 60. . l l "[‘h :

F. Rictler clock No. 151. mineral wool. € inner
G. Outer thermostat partition is of wood and
H. Inner thermostat. M .

1. Alarm thermostat. there 1s an air Space Of

about a foot between. This
space is heated by means of four hot water pipes running
almost completely around 1t and the heating is controlled by
a thermostat. The inner vault is about eight feet square
and seven feet high. It is heated by means of four incan-
descent lamps and is controlled by a sensitive thermostat.



Time | 21

To reach this inner vault it is necessary to pass through three
doors. It contains three brick piers to which are attached
the three clocks keeping sidereal time. These are all
Riefler precision clocks (see Chapter XIX) and their num-
bers are 60, 70, and 151. These clocks are in air-tight glass
cases and the air has been chemically dried. They are
thus housed in the ideal way and are free from moisture,
jars, pressure changes, and temperature changes.!

Two or three times a week a number of the standard
stars are observed using the meridian circle pictured in
Fig. 3 and thus sidereal time is obtained with an accuracy
of a few thousandths of a second. It is thus known just
how much each clock is fast or slow and a continuous record
of these clocks is of course kept.

The “distributing clock” or signal-sending mechanism
1s located in another part of the observatory and is pictured
in Fig. 10. In fact there are two, so that if anything
should happen to one the other could be used. At about
half-past eleven each day its error is determined. This
involves the records of the clocks in the vault because to
know the exact time at the moment in question it is neces-
sary to know how much each was in error at the last date
of observation and how much each gains or loses per day.
It also involves the computation of standard time from
sidereal, since the clocks in the vault keep sidereal time and
the distributing clock keeps Fastern standard solar time.
This can be done in a few minutes and the details are given
in Appendix IV. Each clock in the vault and the dis-
tributing clock have “contact makers,” so that it is easy to
compare them by means of a chronograph. The distrib-
uting clock is adjusted until it is within a few hundredths
of a second of correct.

Each day at 11.50 A.M. Eastern standard time the
Western Union Telegraph Company suspends its regular
work and puts its wires at the disposal of the government
for the sending of the time signals. The wires are joined

1 See “The Clock Vault of the U. S. Naval Observatory,” by EnGar D. TiLLYER,
in Popular Astronomy, Vol. XVIII, No. 2, Feb., 1910.



FIG. 10. — THE DISTRIBUTING CLOCK AT WASHINGTON.
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up in continuous closed circuit through the various relays
with this distributing clock in Washington. Every second
this distributing clock makes contact so that the clicks
heard in every telegraph office throughout the country are
practically the ticks of a clock keeping accurate Eastern
standard time. Certain clicks must be omitted to mark

FIG. 11.—ILLUSTRATING THE TIME SIGNALS AS SENT OUT
BY TELEGRAPH.

(From Circular No. 51 of the Bureau of Standards, Washington, D. C.)

the minutes and half minutes. Thus the 29th second
and the 35th to the sgth inclusive are always omitted.
Just before twelve o’clock 10 clicks are omitted, that 1s,
the soth to the 59th inclusive and the last click at exactly
noon is longer than the rest. This is shown graphically in
Fig. 11. On the Pacific coast time is sent out at noon
Pacific standard time from the Mare Island Navy Yard.
Time is also sent out at 10 p.M. both from Washington and
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the Mare Island Navy Yard, but the distribution is by no
means so general as at noon.

These time signals are remarkably accurate. They are
probably never in error by more than a few tenths of a
second. Time is determined in Washington within a few
thousandths of a second. The distributing clock is correct
within a few hundredths. The relays in the telegraph lines
introduce most of the error, but in practically every case
the signals can be implicitly relied upon to be accurate
within a few tenths of a second. If you are interested in
your watch and in accurate time, by all means take it to a
telegraph office, hear the noon time signal, thus determine
for yourself how much your watch is off, and then keep a
written record of its behavior. The chronometers in jewelry
stores marked ‘“correct time,” the so-called “regulators”
in jewelry stores, electrically synchronized ciocks main-
tained by the Western Union Telegraph Company may all
be correct within a few seconds, but nevertheless the only
source of exact time upon which one can implicitly rely is
the telegraphic (or wireless) time signals from Washington.

In about twenty harbors of the United States, time balls
are dropped at noon. A time ball is a hollow metal sphere
about six feet in diameter and having usually a free fall
of some twenty feet. It is always located on the top of some
high building so that it can be seen far and wide. Tt is drawn
up to the top of the staff a little before twelve o’clock and
then allowed to fall so as to be in the middle of its drop at
exactly noon. Their purpose is primarily to furnish exact
time to the vessels in the harbor and thus obviate the
necessity of bringing the timepiece ashore. In Boston the
time ball 1s located on the Ames Building and has been
in use for a considerable number of years. In New York
a time ball was maintained for more than forty years on the
Western Union Telegraph Building, 195 Broadway. This
building was gradually surrounded by taller structures and
during its last years the time ball was practically invisible.
It was discontinued in 1913 when the Western Union
moved into its new building. In 1913 a time ball was
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installed on the building of the Seaman’s Church Institute
at 25 South Street on the East River and this service is
still maintained.

The Western Union Telegraph Company maintains an
elaborate system of electrically synchronized clocks which
are giving good service. They are now to be seen almost
everywhere and the number is constantly increasing. The
cost is from $15 to $30 a year, depending on the type of
clock and this includes installation, complete maintenance,
and the time service. The master clock for a village or a
whole city is located in the telegraph office. It is generally
a good timepiece, and if properly cared for should not gain
or lose more than one or two.seconds a day at most. It is
set exactly right at noon from the Washington time signals.
This master clock synchronizes all the other clocks every
hour. These clocks usually carry the label ‘“Naval Ob-
servatory Time hourly by Western Union.” It may be
only a quibble but yet this statement is not quite correct.
The clocks are set right hourly by the macter clock, but the
master clock is set right only at noon by the Washington
time signals from the Naval Observatory. When everything
1s working well no one of these clocks should ever indicate a
time inaccurate by more than a secoad or two. It needs care-
ful attention, however, to keep such a system in good working
condition. In Fig. 12 are pictured the master clock and the
time service transmitting equipment for New York City.

There are other ways of distributing time throughout a
city than by means of electrically synchronized or controlled
clocks. In fact electrical clocks are so troublesome that
compressed air is often preferred. This is true of the city
of Paris. Here there are several thousand clocks which are
synchromzed (or rather actuated) every minute by com-
pressed air. The reservoir contains air under a pressure of
about two atmospheres. This is placed in communication
with the pipes for about 20 seconds every minute. Thus
the pressure in the pipes rises to two atmospheres and
falls again each minute. This change of pressure actuates
the controlled clocks. The main pipes have a diameter of
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about 27 mm. and the secondary ones a diameter of about
6 to 20 mm. It will be remembered that there are about
25 mm. in an inch.

Any one who has visited the city of Edinburgh in Scot-
land will surely remember the cannon at the Castle which is
fired daily at noon and thus gives the correct time to the city.

FIG. 12. — THE MASTER CLOCK AND THE TIME SERVICE TRANSMITTING
EQUIPMENT FOR NEW YORK CITY.

(Western Union Telegraph Co.)

It must be remembered, however, in connection with any
sound signal that sound travels in air under usual conditions
only a little more than a thousand feet a second. It thus
requires about five seconds to travel a mile.

The distribution of time by wireless.! — Time is also dis-
tributed by wireless from fourteen stations in the United

!See “From Star to Chronometer via Radio,” by C. H. CLAuDY, in Scientific
American, Vol. CXXV, No. 11, Sept. 10, 1921.
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States and its possessions. These are Arlington, Annapolis,
Key West, New Orleans, Balboa, Colon, Cavite (P. I.),
North Head (Wash.), Eureka (Cal.), Point Arguello (Cal.),
San Diego, San Francisco, Great Lakes (Ill.), and Pearl
Harbor (T. H.). These stations are widely scattered and
the wave length used is quite different. The best known
stations are perhaps Arlington (wave length 2500 meters),
Annapolis (16,900 meters), Key West (1000 meters), and
Mare Island (2500 meters). Time is sent out by wireless
at the same time and in the same manner as it is distrib-
uted by land wires. Time is also being sent out by an
ever-increasing number of broadcasting stations, so that it
will soon be within reach of every one by means of radio.
The time of sending it out and the accuracy is nearly
the same as when sent by the regular stations with a
much longer wave. Time is also sent out by wireless from
many other stations in the world, so that it is almost im-
possible at present for a vessel to be anywhere on the seven
seas and be beyond the reach of wireless time. On the
North Atlantic time is received both from Arlington and from
the Eiffel Tower in Paris, which is a very important sending
station. Time is also sent from Bordeaux with an undamped
wave of 23,400 meters and from Lyon with a wave length
of 15,000 meters.

The station at the Eiffel Tower uses a wave length of
2200 meters. The antennae consist of six wires 500 meters
long which stretch from the top of the tower to points on
the ground at the proper distance. They are of course very
well insulated. There is an underground connection be-
tween the Observatory at Paris and the Eiffel Tower send-
ing station. The general arrangement of the apparatus is
shown in Fig. 13. The circuit from the Observatory to
the tower may be closed by the clock C at the Observatory
or by the astronomer by means of the key K. This
works the relay circuit, which closes the main circuit, pro-
duces the spark, and thus sends the signal. During the
night the time is sent out at 23" 45™, 23" 47™, and 23" 49™
Greenwich mean solar time. At about 23" 44™ the astrono-
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mer by means of the key sends out a series of preparatory
signals consisting of dashes (— — — —). These end at
23" 44™ 55°, and at 23" 45™ exactly the signal is sent by the
clock. The astronomer again sends a series of preparatory
signals consisting of dashes and two dots (—..—..—.))

Hond Key

cvevc Anfernoe
EIFFEL
TOWER
59//'--A
Conden.xer= | §

Self-Induction
Alfernator

FIG. 13. — THE APPARATUS FOR SENDING THE WIRELESS TIME
SIGNALS FROM THE EIFFEL TOWER.

(After BouUasse, Pendule, Spiral, Diapason.)

at 23" 46™ and these continue until 23" 46™ 55°. At 232 47™
the clock sends the second time signal. The astronomer
again sends a series of preparatory signals consisting of
a dash and four dots (—....— ..) from 23 48“‘
to 23 48“‘5". The clock sends the thlrd and last time
signal at 23" 49™. Durmg the dav wireless time sngnals are
sent out by the clock at 10" 45™, 10" 47™, and 10* 49™. There
1s also the same set of preparatory signals as before.
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Time signals of a different nature are also sent by the
Eiffel Tower at ten in the morning. These are sent by a
special transmitter of high precision which has been syn-
chronized by one of the clocks. These signals, which con-
tinue about three minutes, are evident from Fig. 14.

At the Paris Observatory the time is of course deter-
mined by star observations. It is kept by means of three
excellent clocks. The clock which sends the signals is
either No. 1116 or
No. 1117 and both
were made by Leroy
& Cie of Paris. It
is set to exact time
before the signals
are sent by means of
a magnetic rectifier.

Time a man-
made affair. — It
might perhaps be
well in closing this
chapter to empha-
size the fact that
standard time, the
time of our every- =
day life, 1s very

mUCh a man-made FIG. 14 WIRELESS TIME SIGNALS SENT OUT BY
affair.  When the {E F :

THE EIFFEL TOWER AT TEN IN THE MORNING.
proposal was made

to put all timekeepers ahead one hour to effect daylight
saving, the cry was heard that it was unnatural, as 1t did
not follow the sun. Man, as a matter of fact, has not
followed the sun with his time for many, many centuries.
Mean solar or local time may differ from true sun time by
as much as 18 minutes and standard time may differ from
mean solar by 30 minutes. Thus to set all clocks ahead
one hour is only to take one step more. Two steps have
already been taken. Another result of our ‘“tampering
with true sun time” is evident the first weeks of January

Signaux cnvoyés par la Tour Eiffel. de 9h. 57 2 10 h. 0,
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and often causes surprise. When the days begin to
lengthen, the effect is all in the afternoon and the mornings
even grow shorter. The reason is the equation of time is
changing faster than the days are lengthening. This not
only throws the whole increase of length into the afternoon
but even robs the morning of a few additional minutes.



CHAPTER 1II
THE SUN-DIAL

The origin of the sun-dial. — The first timekeeper or
rather time indicator to be used was without doubt the
sun-dial. Herodotus, a Greek historian of the fifth century
B.C., states that the sun-dial éame from Babylonia. There
are other lines of evidence as well, so that it is safe to con-
clude that the sun-dial was in use in the valleys of the Tigris
and the Euphrates at least as early as 2000 B.c. Of course
we do not know the form and appearance of these early
instruments and neither do we know the gradual develop-
ment by which the primitive shadow methods of determin-
ing time finally culminated in the sun-dial.

It must have been very early observed that the shadow
cast by a vertical object, such as a tree, or a rock, or the
like, changed its length and its direction in the course of
a day and thus could be used to subdivide the day and
measure time. The next step was almost an obvious one. A
rod or staff placed vertically in the ground would be much
better than a natural object, as its shadow would be much
more definite and sharply defined and its length and posi-
tion could be determined with much greater precision. Then
a series of terraced steps were perhaps arranged about the
rod or stones were placed in suitable positions so that the
length and direction of the shadow could be better ob-
served and, behold! a primitive sun-dial was in existence.
These early sun-dials were without doubt large affairs and
in no sense portable or even movable. In fact the obelisks
and even the pyramids in Egypt may have been used for
this purpose. When the sun-dial was first made portable it
is impossible to say.

Finding the meridian. — The shadow cast by a vertical
rod has been used for centuries, almost down to the present

31
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time, for determining the meridian and the instant of true
solar noon. It used to be a matter of importance; now it is
only a matter of interest. A simple experiment will illus-
trate this. Take a smooth board and place on it a piece of
paper. Attach a short vertical rod to the board and around
its foot draw a series of concentric circles. Place the board
in a horizontal position, facing the south, on a day when
the sky is cloudless. Note carefully the points where the
tip of the shadow crosses the various circles both in the
forenoon and in the afternoon. Then bisect these various
arcs and draw a line as nearly as possible through all these
mid-points.  This line

I will be the meridian, and

the instant when the
shadow of the rod is on
this line will be true solar
noon. All this is shown
in Fig. 15. By noting
carefully the location of
the board, it may be
replaced any subsequent
day in the same position
and the time of true

FIG 15. — BOARD WITH VERTICAL RoD FOR Solar noon determined.
FINDING THE MERIDIAN AND TRUE SOLAR The determination Wl“
NOON.

probably not be in error
by more than a few minutes. Many are the families that
up to even fifty years ago had a ““noon mark” on a south
window sill or on the kitchen floor for telling time, some-
times even for correcting their clocks.

The simplest possible sun-dial. — Before taking up the
history of the sun-dial it will be well to notice the appear-
ance and construction of the simplest possible, modern,
portable sun-dial. Such a dial is pictured in Fig. 16. It
consists of a rectangular base which must be smooth and
flat and placed in a horizontal position. On it are drawn the
various dial lines, and these are numbered at their ends with
the hours of the day. To this base is fastened the rod or
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object which casts its shadow among the dial lines and thus
indicates the time. This object is spoken of as the rod, or
the style, or the gnomon. It may have any shape or size.
The one indispensable condition 1s that the edge which
casts the shadow must be parallel to the axis of the earth.
This means that it must point to the north pole of the sky
(see page 3). It also means that it must make an angle
with the horizontal base which is equal to the latitude of
the place, for in all books on Astronomy it is demonstrated
and much emphasized that the altitude of the north pole of
the sky, that is its angular distance above the horizon, is

FIG. 16. — A SIMPLE, MODERN, PORTABLE SUN-DIAL.

equal to the latitude of the place. In the figure a triangu-
lar-shaped style is pictured. The edge which casts the
shadow during the morning is the line ab; during the after-
noon it is the edge ab,. These two edges must both be
parallel to the axis of the earth, otherwise the style may
have any size or any artistic form which one wishes to give
it. The one represented in the figure is easy to make and
can be firmly attached to the horizontal base. Sometimes a
circular level and a compass are attached to the dial so that,
if it is moved about, it may be easily made horizontal and
pointed in the right direction. The base can, of course, be
crcular as well as rectangular and the material may be
either wood or brass.



34 Time and Timekeepers

It might naturally be supposed that the various dial
lines make the same angle with each other. This is not the
case, and furthermore their position depends upon the lati-
tude of the place, so that a dial constructed for one place is
not correct for another of a different latitude. Both the
angle of the style and the position of the dial lines must be
correctly determined for the place in question. This can-
not be too strongly emphasized, as some makers of modern
sun-dials set the gnomon correctly for the latitude of the
place, but the dial lines are the same for all. They have
been constructed for an ‘“average latitude.” Such dials are
much cheaper to make and are generally not far out of the
way, but in extreme cases an error of many minutes of time
may result. Simple brass sun-dials may be purchased for
$10 or even a little less. A good brass sun-dial of suitable
size and artistic appearance constructed for the latitude of
the place will cost $25 and up. If of larger size and more
elaborate form and with a pedestal the price will, of course,
be larger. In New York City sun-dials may be procured

at Wanamaker's,
Broadway and
roth St., or of
E. B. Meyrowitz,
237 Fifth Avenue.
The next nat-
North Ural question to
ask 1s why it is so
very important
that the shadow-
casting edge
should be parallel
to the earth’s

axis. The answer
FIG. 17. — ILLUSTRATING THE RELATION OF THE SUN- : fee
g THE RELATY is this: if the

style is parallel
to the earth’s axis, then the dial is correct for all times
of the year, both winter and summer. If it has any other
position whatever, then the dial, strictly speaking, is cor-
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rect for only two days of the year, and only approximately
correct for the rest of the time. The reason for this is of
course to be found in the sun which, as every one knows,
mlgrates north and south in the course of the year, bemg
high in summer and low in winter. The accompanying
figure (see Fig. 17) will make clear why a dial with its stvle
parallel to the earth’s axis is independent of the sun’s
migration and will also illustrate the general relation of a
sun-dial to the sun’s position on the face of the sky. The
sphere represents the face of the sky. It will be seen that
when the sun is on the circle PS’SS, the shadow of the style
will fall along the VIII line, and this will be independent
of the fact as to whether the sun is at S or S’ or §;.

The history of the sun-dial. — At the beginning of this
chapter it was stated that that ancient and interesting
invention, the sun-dial, originated in Babylonia at least as
early as 2000 B.c. From there the knowledge of 1t spread
to all parts of the world — to India and China, to Egypt
and Palestine, and eventually to Greece and Rome.

The first mention of a particular sun-dial is in the
eighth verse of the thirty-eighth chapter of Isaiah. ‘Be-
hold, I will bring again the shadow of the degrees, which
has gone down in the sun-dial of Ahaz, ten degrees back-
ward. So the sun returned ten degrees, by which degrees
it was gone down.” In the Revised Version the word steps
is used instead of degrees. ‘‘Behold, I will cause the shadow
on the steps, which is gone down on the dial of Ahaz with
the sun, to return backward ten steps. So the sun returned
ten steps on the dial whereon it was gone down.” A great
deal has been written on the probable or possible form of
this sun-dial, but the fact still remains that we have no
definite information. It probably consisted of a vertical
shadow-casting rod, perhaps surrounded by a flight of steps.
The date of the reign of Ahaz is a little earlier than 700 B.c.

Herodotus says: ‘“It was from the Babylonians that the
Greeks learned concerning the pole, the gnomon, and the
twelve parts of the day.” Vitruvius in his de Architectura
mentions first of all the sun-dial of Berosus, the Chaldean.
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Now the date of Berosus is uncertain. Some would assign
him to the tenth or even eleventh century B.c. If this is
true he may have been the first to introduce a sun-dial into
Greece. Others would make him as late as the second or third
century B.C. If this is true, it must have been a special
form of the sun-dial, the ‘““hemicyclium,” which he intro-
duced. Perhaps the discrepancy in the dates can be ac-
counted for by the fact that there may have been more than
one Berosus. At any rate the sun-dial was known in
Greece as early as 400 or 500 B.C., and in later times increased
greatly in the number and variety of its forms.

The vertical rod still continued to be used. In fact
the length of a man’s shadow was frequently used. Ap-
pointments were made at a time when a man’s shadow
would be a certain number of times the length of his own
foot.

The hemicyclium ascribed to Berosus seems to have
been one of the favorite forms. Vitruvius describes it as
follows: ““The semicircular form, hollowed out of a square
block, and cut under to correspond to the polar alti-
tude.”

Fig. 18 illustrates its theoretical appearance. The
gnomon was usually horizontal, although it may have been
perpendicular to the sloping
front face. It probably con-
sisted of an iron rod carrying at
its end a small sphere. In the
first case the sun-dial would in-
dicate those so-called temporary
hours of unequal length into
which the Greeks divided the
day time regardless of its length
FIG 1o TUE TROLALE ATEAR- (sce page 8). In the second

case the gnomon would be par-
allel to the earth’s axis, as this front face was supposed to
be in a plane parallel to the plane of the equator. The dial
would thus indicate correct true solar time for all times of
the year. In fact the time of year could be roughly indi-

~



The Sun-dial 37

cated by the dial with the gnomon in either position. The
tip of the shadow would come forward the largest amount
on June 21, when the sun was highest and the least amount
on December 21, when the sun was lowest. The three lines
drawn across the hour
lines would represenc
the path of the tip of
the shadow on June 21,
on December 21, and
when halfway between,
that is on March 21 or
September 21. Fig. 19
pictures such a dial with-
out the gnomon, which
was found at the foot of

Cleopatra’s Needle by —
J. Scott Tucker in 18 52, FIG.19.— THE HEMICYCLIUM FOUND AT THE

and is now in the British FOOT OF CLEOPATRA'S NEEDLE.
Museum. Greek letters were used instead of numbers to
indicate the hours.

The statement is often made that the Romans learned
of sun-dials from the Greeks. There is, however, no posi-
tive proof of this. The first sun-dial mentioned at Rome
was one placed by Papirius Cursor in the court of the Tem-
ple of Quirinus in 293 B.c. The second Roman sun-dial was
one brought by Valerius Messala during the First Punic
War from Catania in Sicily. The number of dials in Rome
must have increased very rapidly until they were prac-
tically everywhere. Aulus Gellius, in Chapter 3, Book 3,
quotes some lines which he ascribes to Plautus. An
English translation is as follows:

“The gods confound the man who first found out
How to distinguish hours — confound him, too,
Who in this place set up a sun-dial,

To cut and hack my days so wretchedly

Into small pieces! When I was a boy,

My belly was my sun-dial — one more sure,
Truer, and more exact than any of them.
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This dial told me when "twas proper time

To go to dinner, when I ought to eat;

But, now-a-days, why even when I have,

I can’t fall to, unless the sun gives leave.

The town’s so full of these confounded dials,
The greater part of its inhabitants,

Shrunk up with hunger, creep along the street.”

Plautus died in 184 B.c., so that sun-dials must have
been very common in his time. Vitruvius, who prob-
ably lived several centuries later, says in Chapter VII of
Book IX of his de Architectura (Morgan’s translation): “For
I cannot invent new kinds myself at this late date nor do I
think that I ought to display the inventions of others as
my own.” He mentions twelve or more different kinds of
dials, among them one which can be hung up by the traveler.

At the present time one almost never sees the remains
of a Roman sun-dial in connection with Roman ruins and
there are extremely few in the Museums. The marvel is
how completely they were all destroyed.

During the early Middle Ages sun-dials continued to be
fairly common, although very few of them have been pre-
served to the present day. In England there are a few
dating from Anglo-Saxon times. They were often of stone
and quite elaborately carved. In fact when of intricate
construction and costly material they were considered suit-
able presents for kings and monarchs. They were found on
monasteries and cathedrals. They were found on public
buildings and in the court yards of castles. They were
found on street corners and in public squares. They were
of many forms, sizes, and kinds. Some were placed on pil-
lars. Others were attached to the walls of buildings. Some
were portable.

During the sixteenth and seventeenth centuries much
greater interest was taken in the theory and construction of
sun-dials and many books appeared on dialing or the art ot

making sun-dials. Most of the old sun-dials which are still -

preserved in their former places have been constructed dur-
ing the last three centuries. Four of these are pictured in
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tablet also contains the chief vertical dial and a secondary
one at the top for indicating the signs of the zodiac and
the length of the day. The lower tablet contains the com-
pass, the horizontal dial surrounding it, and a secondary
dial. In the one illustrated in Fig. 26 the lower tablet is
margined with the hours, and this is the chief dial. The
lower tablet also contains the compass and a concave
secondary dial. The upper tablet contains a list of places
with their latitudes. Above this are two musicians and
two lovers and above these two secondary dials, one having
the signs of the zodiac.

There are also other quite small portable dials which
are of late invention. Two of these, the card and string
dial and the little cylinder dial, can only be mentioned in
passing. One of the latter form in the possession of the
author is illustrated in Fig. 27.

To-day sun-dials are not seen as often as they should
be. They have ceased to be important and are only inter-
esting and instructive. At present new, modern ones are
found in public parks, on college campuses, or in the
gardens of elaborate country estates.! Old ones have been
renovated and replaced and are venerated on account of
their historic associations.

The largest sun-dial ever built is at Jaipur, India. It
was erected in 1730 by Jai Singh II, Maharaja of Jaipur,
and restored in 1902. The gnomon is 147 feet long and go
feet high. The shadow falls on a great stone arc having a
radius of 50 feet. The shadow moves about a foot in five
minutes.

Mottoes. — Many sun-dials, particularly those of the
last two or three centuries, had appropriate mottoes placed

! Very recently the Ansonia Clock Co. has put out a small, good looking,
thoroughly scientific, inexpensive pocket sun-dial. It has a compass with the
variation marked so that the dial may be correctly placed. The style may be
elevated to the proper angle. There are three sets of dial lines for Iamudes 35°

0°% and 45°. There are two tables in the cover. One gives the equation of fime
?or vanous dates The other gives the latitude, longitude, and variation for
different cities. True solar time may be observed within five or ten minutes and
mean solar and standard time can be readily computed. It sells for $1.00 or a
little more.
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on them. Some of these mottoes are crude witticisms.
Many give admonitions and good advice. A few taken
from the Book of Sun-dials by Mrs. Gatty are given as il-
lustrations:

ASPICIENDO SENESCIS.
Thou growest old in beholding.

CARPE DIEM, HORA ADEST VESPERTINA.

Seize the present moment, the hour of eve is nigh.

£ DI FERRO LO STIL: MA E D'ORO IL TEMPO.
The style is iron; but time is gold.

HORAM SOLE NOLENTE NEGO.

The hour I tell not, when the sun will not.

LUMEN ME REGIT, VOS UMBRA.
The light guides me, the shadow you.

NON REGO NISI REGAR.
I rule not if I be not ruled.

NOS EXIGUUM TEMPUS HABEMUS, SED MULTUM PERDIMUS.

We have little time, but we waste much.

Dialing or gnomonics, as it is sometimes called, is the art
of making a sun-dial. It 1s considered by some a most
interesting and intellectual avocation, as it calls to 1ts aid
Astronomy,Geography,Geometry, Mathematics, Mechanics,
Architecture, and Art. The general case would be: given a
stvle having any direction whatever and a surface, plane,
cvlindrical, or spherical, sloping in any direction, to con-
struct the dial lines for the various hours. The simplest
possible case would be: given a style parallel to the earth’s
axis and a plane, horizontal surface, to construct the dial
lines. This last 1s the only one that will be considered here.
In fact the problem is to construct the dial pictured in
Fig. 16. Such a dial would probably be made of wood, al-
though it might be made of brass or even of stone or cement.
The beginner would surely choose wood and the construction
of such a sun-dial is heartily recommended to all those who
like to make things with their hands. First choose the base
board. A good size is about 10 by 15 inches, although it
may be made larger or smaller to suit one’s taste. It must
be made truly rectangular and nicely snoothed and fin-
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ished. The best length (ac in Fig. 16) for the style board
is about one half the length of the base board. In thick-
ness three quarters of an inch is good. The height ¢b is
fixed by the latitude of the place. It must equal the length
of the base ac multiplied by a factor taken from the ac-
companying table for the latitude of the place. Those fa-
miliar with Trigonometry will see that the factor is nothing

Latirune Tficif'r‘xﬂfns Lanirvoe T,l:;: Tarios | LATiTeDE TAF‘: Catirebe
25° 0.466 35° 0.700 45° 1.000
26 0.488 36 0.727 46 - 1.036
27 0.§10 37 0.754 47 1.072
28 0.532 38 0.781 48 I.111
29 0.554 39 o.810 49 1.150
30 0.577 40 0.839 50 1.192
31 o.601 41 0.869 51 1.23§
32 0.623 42 0.900 52 1.280
33 0.649 43 0.933 53 1.327
34 0.675 4 0.966 54 1.376

more or less than the tan of the latitude. Thus if the base
ac has been made 8 inches, the height c& must be 8 X 0.839
or 6.71 inches for a place in latitude 40°. In this way con-
struct a suitable style for the dial. It may be carved or
decorated to suit one’s taste. It should be fastened firmly
to the middle of the base board about 3 inches back from
the edge. Screws put through from the under side of the
base board make a very good and easy way of securing it.

The next is the chief problem, namely, to lay out the
dial lines. This may be done in two ways. The angle
which each line makes with the XII line may be computed
and then laid off with a protractor. This is recommended
to those who like mathematical formulae and love a loga-
rithm table, and the necessary formula will be given later.
The second way is to determine the location of the lines
graphically and most people will probably prefer this method.
Take a piece of drawing paper or any large sheet of white
paper and fasten it to a drawing board or any smooth table
top. Through the middle of it draw two parallel lines sep-
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arated by a distance equal to the width of the style. Fig.
28 shows what will eventually appear on this drawing paper.
The two parallel lines are aK and a,K,. Mark two other
points L and L, at any suitable distance from a and a,.
Ten inches is a good distance to choose. Mark two other
points M and M, at such a distance from L and L, that alL

4.9

x

FIG. 28. — THE METHOD OF CONSTRUCTING THE DIAL LINES.

times a factor will equal LM and a,L, times the same fac-
tor will equal L,M,. The factor must be taken from the
table given below for the latitude of the place. Those
knowing Trigonometry will again notice that this factor is
the sin of the latitude. Thus if aL has been made 10
inches and the latitude is 40°, then LM must be 10 X 0.643
or 6.43 inches. About M and M, as centers describe quad-
rants with ML and M,L, as radii. Draw RS through

Larmove | GEA(IR 08, | Larmuoe | GEATIOR R, | Lammooe | ARG,
26° 0.423 35° 0.574 45° o.707
26 0.438 36 0.588 46 0.719
27 0.454 37 0.602 47 0.731
28 0.470 38 0.616 48 0.743
29 0.485 39 0.629 49 0.755
30 0.500 40 0.643 50 0.766
31 0.51§ 41 0.656 51 0.777
32 0.530 42 0.669 52 0.788
33 0.545 43 0.682 53 0.799
34 0.559 44 0.695 54 0.809
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LL, perpendicular to these parallel lines. Mark off on the
arcs LP and L,P, 15° spaces. That is, divide the arcs
LP and L,P, into 6 equal parts, numbering them as shown
in the figure. Through these points draw lines from M and M,
to the horizontal line RS. Connect a and a, with these points
on RS and the dial lines as numbered have been determined.

The next step is the purely mechanical one of transfer-
ring the lines to the dial itself. The simplest way is to cut
the drawing along the lines aL and a/I and along a,L,
and a,/1 and then place the pieces on the dial in the proper
position. The outer portions of the drawing may have to
be cut away so that only the beginnings of the lines will
show. The lines can now be drawn on the dial itself. The
rest is just a matter of finishing and only two or three sug-
gestions will be given. If the dial is to be put out of doors
much, it is well to use a varnish which will stand water.
Brass tack numerals can be easily obtained to mark the
hours on the dial. The mathematical theory that the dial
lines are thus correctly constructed is too complicated to be
given here. It is well given in Jacoby’s Astronomy and sev-
eral other books. For those who might like to compute the
angles which the various dial lines make with the XII line,
the necessary formula is given without proof. It is

tan 4 = tan ¢ sin ¢.

Where A is the angle desired, ¢ is 15° for the I and XI
o’clock lines, 30° for the II and X o’clock lines, etc., and ¢
is the latitude of the place.

The methods of constructing dials when the surface i
not horizontal or when it is spherical or cylindrical or when
the style is not parallel to the earth’s axis are naturally
much more complicated. The simplest cases and those
usually treated are (1) when the surface is perpendicular to
the earth’s axis; (2) when the surface is vertical and faces
east, south, or west; (3) when the surface is parallel to the
earth’s axis. For these methods the reader must be re-
ferred to other books. In Appendix V the literature on
sun-dials is treated.



CHAPTER 111
THE CLEPSYDRA AND OTHER EARLY TIMEKEEPERS

The origin of the clepsydra. — In the previous chapter
it was stated that the sun-dial was historically the first
timekeeper to be used. The second in chronological order,
was the clepsydra, or the Greek water clock.! The state-
ment is often made that the clepsydra was invented by
Ctesibius at Alexandria in the second century B.c. Vitru-
vius says of him: ‘“Methods of making water clocks have
been investigated . . . first of all by Ctesibius the Alex-
andrian, who also discovered the natural pressure of the air
and pneumatic principles. . . . Preéminent for natural abil-
ity and great industry, he is said to have amused himself
with ingenious devices.” The date is, however, altogether
too late for the first introduction of the water clock. It
must have been a special kind which Ctesibius invented.

The water clock may have come from Babylonia along
with the sun-dial, and some even claim for it an equally
great antiquity. It may have originated in Egypt. It was
used very early in India and China, but may have been in-
dependently discovered in these countries. It is stated by
Pliny in his Historia Naturalis that Scipio Nasica brought
it to Rome from Greece in 157 B.c. Later it came into
great favor with both the Greeks and Romans. Vitruvius
devotes about eight times as much space in his book on
architecture to the water clock as to the sun-dial. This can
hardly represent, however, in his mind the relative impor-
tance of the two timekeepers.

During the early Middle Ages water clocks continued
to be used and were often very elaborate, but they did not
remain in favor as the sun-dial did. During the seven-

! From the two Greck words x\érrew (kleptein), to steal, and #8wp (hudor),
water.

48
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teenth century there was a slight increase in their popu-
larity. At the present time they are never seen and, in
fact, there are very few of them, even in large museums.
The various forms of clepsydras. — The simplest and
perhaps earliest clepsydra consisted of an earthen vessel
with a small hole in the bottom. This was filled with water
up to a certain mark and the water was allowed to trickle
out of the hole. It would empty itself in approximately
the same intervals of time. It was perhaps used for lim-
iting the length of public
speeches and the like. In
fact there are quite a few
references in Greek and
Roman writings which
would indicate this to have
been a fact. Another
simple form consisted of a
basin from which the water
trickled drop by drop into
a receiving vessel which had
marks on its inside to indi-
cate the various hours.
A similar device was
often used in India. A
brass, hemispherical bowl
with a small hole in the
bottom was floated on a
larger vessel of water. In
time this would fill and
sink. The bowl was then
recovered, emptied, and set FIG. 29. —A COMMON 10ORM OF CLEP-
. . SYDRA IN GREEK AND ROMAN TIMES.
floating again. The attend-
ant whose duty it was to reset the bowl then struck the
hour, perhaps on the bowl itself. This device would be
fairly satisfactory, provided the attendant was.
A really mechanical clepsydra is illustrated in Fig. 29.
Water is freely supplied by a pipe H to the conical vessel B.
From a small opening in the bottom of this vessel it
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drops into a large reservoir F. In order to have the rate

of flow uniform, the water must remain at the same level

in the conical vessel B. To accomplish this, water 1s sup-

plied in excess and the overflow escapes through a side

pipe I. As the water collects in the reservoir F a float is

raised and to this is attached a rod E with cogs. These

fit into a cogged wheel G, to which the hand is attached,

which moves over the dial. When the reservoir becomes

full, it must be emptied and the

clock reset. This kind of clock

was not suited to the Greek cus-

tom of having hours of unequal

length, often called temporary

hours. It will be remembered

that it was their custom to

divide the day and the night into

twelve hours each. Thus in

summer the day hours would be

much longer than the night

hours and in winter the converse

would be true. Only on March

21 and on September 21 would

the day hours and the night

hours have the same length. In

order to have a clepsydra sub-

divide the day and the night

after this fashion, it is necessary

FIG. 30.—A CLEPSYDRA INDI- either to change the rate of flow

SARY HOUNEQUAL OR TEMPO- of the water or to change the

dial. In the clepsydra just de-

scribed there is a device for changing the rate of flow of the

water. Inside the conical vessel B there is a conical stopper

to which is attached a rod D. By raising this, the flow

of water is increased and by lowering it the flow is made less.

This rod can be easily graduated so that it could be quickly
set for day or for night or adjusted for any time of year.

In Fig. 30 is shown a clepsydra, probably very similar

to the one invented by Ctesibius, in which the flow of water

>
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remains uniform, but the dial has been modified. As the
water collects in the reservoir a float is raised as before. On
this float is a figure carrying a wand and pointing out the
hours on the surface of the cylinder. The hour lines on this
cylinder are not horizontal but slope in such a way that the
wand passes over just twelve hours during both the day and
the night. This cylinder must be turned and set for each
day in the year.

Some clepsydras were provided with a device for empty-
ing the reservoir automatically when it became full. Such
a device, which is nothing more or less than a siphon, is
shown at F, B, E in Fig. 30. When the reservoir became
full up to the top of the short arm of the siphon, it would
immediately be emptied. The turning of the cylinder con-
taining the hour lines was also often accomplished auto-
matically. One device was to allow the float in rising to
push on a lever and thus turn the cylinder one cog. Of
course there must be 365 cogs on the rim of the cylinder.
Another way (shown in the figure) of turning the cylinder
was to allow the water escaping from the siphon to do the
work.

Development of the clepsydra. — As the centuries passed
the water clock developed in two ways. In dry countries
sand was substituted for water. In fact it is sometimes
claimed that this took place in Roman times and that the
sand-glass is as old as the clepsydra. The invention of this
device is usually ascribed to Luitprand, a monk of Chartres,
who lived in the eighth century. Of course sand could not
raise a float, but by collecting in the reservoir, the time
could be indicated by its height. It also possessed some
advantages. It would not freeze, it would not evaporate, a
new supply was never needed, it would run at a regular
rate always. Later, when glass began to be made and
proficiency was acquired in its use, the sand was inclosed
in glass vessels to keep out the moisture and cause it to run
freely. Still later the vessel holding the supply of sand and
the reservoir were connected together, the air was more or
less exhausted, and the whole apparatus was hermetically
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sealed. In this way the modern sand-glass, or ‘““hour-
glass,” developed from the clepsydra.
From the sixteenth century on the hour—glass was fre-

FIG. 31. — A SET OF FOUR SAND-GLASSES MADE DURING THE FOUR-
TEENTH CENTURY.
(The National Museum, Washington.)

quently used in churches to limit the length of sermons.
But the preacher frequently turned the glass!! In Naviga-
tion the 28-second sand-glass has been used until very recent
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times for determining the number of ‘“knots per hour”
covered by a vessel. In Fig. 31 is shown a set of four sand-
glasses probably made at Niirnberg during the fourteenth
century. They are now in the National Museum at Wash-
ington.

The second development of the clepsydra is the one in
which we are chiefly interested. As the years passed it
became very complicated. Not only was a hand moved
over a dial but a great variety of mechanical operations
were performed. This had already commenced in the time
of Ctesibius, for Vitruvius says of him: “Other racks and
other drums, similarly toothed and subject to the same
motion, give rise by their revolution to various kinds of
motions, by which figures are moved, cones revolve, peb-
bles or eggs fall, trumpets sound, and other incidental
effects take place.” Centuries later clepsydras must have
" become very complicated machines.

In 807 A.D. a clepsydra of bronze and gold was given to
Charlemagne by the King of Persia, Haroun-al-Raschid.
“The dial was composed of twelve small doors, which rep-
resented the hours; each door opened at the hour it was
intended to represent, and out of it came the same number
of little balls, which fell one by one, at equal intervals of
time, on a brass drum. It might be told by the eye what
hour it was by the number of doors that were open, and by
the ear by the number of balls that fell. When it was
twelve o’clock twelve horsemen in miniature issued forth
at the same time and shut all the doors.” The chief point
to notice is that elaborate mechanism, trains of cogged
wheels, and the like, began to be associated with these
water clocks and this has made the water clock the ancestor
in the direct line of modern clocks.

Other early timekeepers. — Two other early time-
keepers should be mentioned. These are notched candles
and graduated lamps.

A candle always made of the same material, of the same
size, and with a wick of the same material and size burns
very nearly the same number of inches each hour. This
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fact was made use of in timekeeping, particularly in mon-
asteries. Notches or marks were placed on candles at
such a distance apart that a certain number of spaces

FIG. 32. — AN EARLY LAMP TIMEKEEPER

(The National Museum, Washington.)

would burn each hour.
They thus served in a
rough way to keep the time
and subdivide the day. It
is narrated that King Al-
fred, who reigned from 872
to 9oo, was especially fond
of this form of timekeeper.
In fact a candle can be used
as an alarm clock. The
story is told of Alpine
guides who stick a pin in a
candle and attach a shoe
to it by means of a string. -
When the candle burns
down to the pin, the shoe
falls to the floor and the
climbers are awakened.

A lamp with a gradu-
ated oil vessel, as shown in
Fig. 32, would also serve
as a rough timekeeper. A
few of these ‘‘curiosities”
are still to be met with in
museums. The one shown

. is of pewter and was col-

lected in Niirnberg. It is
now in the National Mu-
seum at Washington.



CHAPTER 1V
THE HISTORY OF CLOCKS TO 1360

Introduction. — This chapter covers four centuries in
the history of clocks — from 960 A.D. to 1360 A.p. These
are not random dates, but both were chosen for a definite
reason. In 960 A.p. the mechanical clock had certainly
not made its appearance. The only timekeepers were
clepsydras,sand-glasses, and sun-dials. Possibly the notched
candle or its twin brother, the graduated lamp, were oc-
casionally used. In 1360 A.D. at least one clock in the
modern sense of the word was in existence. It was a self-
contained, purely mechanical, weight-driven, verge-con-
trolled timekeeper. Such was the clock made about this
time! by Henry Wieck, or Henry De Vick, as he was after-
wards called, of Wiirtemberg for Charles V of France. It
was placed on the Royal Palace, which is now the Palais de
Justice in Paris. Its position may have been changed; at
any rate its present architectural surroundings date from
1585, but it was an unquestioned mechanical clock in the
modern sense of that term and its construction is accurately
known. A description of it has come down to us from the
famous Julien Le Roy (born 1686, died 1759), who examined
it while it was still in running order and in its original
condition.

Very little can be definitely stated about the history of
clocks during these four centuries. It is impossible to
name with certainty the person who first invented the clock,
if, indeed, it was invented by any one person. More likely
it was a gradual development. There are naturally two
sources of information. There are in the first place rem-
nants of these early clocks which have been preserved until
the present time. The great difficulty here is that these

1 This date is variously given as 1360, 1364, 1370, and 1379 by different writers.
55



56 Time and Timekeepers

early clocks have been so often rebuilt and later improve-
ments have been added. Some now have pendulums, but the
pendulum was not invented until a good three centuries after
this time. Thus in connection with these old clocks it is
almost impossible to say, even when the works or a part of
them are still in existence, what the original form and con-
struction were. The second source of information con-
sists of the descriptions of and references to these early
timepieces in old documents. But the descriptions are
usually very scanty and insufficient and they ordinarily
refer to what the clock did and not to its construction.
Furthermore, the descriptions are usually in Latin and the
word used for clock is “horologium.” Now horologium is
a general word and one applied to all kinds of timekeepers,
including both clepsydras and sun-dials. Thus when the
statement was made that in a certain year a certain person
constructed a ‘“horologium,” it is impossible to know
whether it was a clepsydra, a sun-dial, or a real mechanical
clock. The word horologium should be translated time-
keeper or by the old, now nearly obsolete, English word
horologe. The word clock really signifies be/l, and comes
from the Latin glocio by way of the old French or the Low
Latin cloca or clocca. It is akin to the Saxon, clugga, the
Anglo-Saxon, clocge, the German, Glocke, and the French,
cloche. Originally it was the striking of the clock which
was the all-important thing and which eventually named the
timekeeper. The word has of course outgrown its original
significance. ‘

One thing was certainly true of these early clocks. They
were all very large. Large, in fact, is too mild a word;
they were ponderous affairs. They were in no sense portable
or even movable. The parts were not of fine and delicate
construction, but were usually hammered out in a black-
smith’s shop.

Since the definite history of these four centuries cannot
be written, it may be interesting to have a hypothetical
history of them. Thus in what follows there will be given
first a reasonable and plausible way in which the clock may
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have developed. After that the scanty information which
we possess about some of the early clocks belonging to this
period will be given.

The hypothetical history of clocks. — It was stated in
the previous chapter that the clepsydra was the ancestor
in the direct line of the modern clock. As the centuries
passed, the clepsydra had become more and more elaborate
and intricate. Not only did a hand move over a dial, but
the hour was struck, cocks crew, lions roared, drums were
beaten, and various motions were executed by small fig-
ures. All this required elaborate mechanism — trains of
cogged wheels, levers, and the like. The point to em-
phasize is that mechanism in connection with clepsydras
had become elaborate and intricate.

But the clepsydra at best was an unhandy timekeeper.
In dry countries and in many other places where a time-
keeper was desired, there was no flow of water available.
To bring it by hand required too much time and attention.
Thus a weight was substituted for water as the driving power
and a great step forward had been taken. But the use of the
weight brought new complications and difficulties. There
was no means of keeping it from driving the clockwork too
fast. In the first weight clocks the speed was probably
kept down simply by friction. An attendant would wind
up the weight and then it would run down as fast as the
friction of the clockwork would allow it to. It would per-
haps be arranged to run down in just an hour. Thus the
attendant would strike the appropriate hour every time
he wound the clock. A little later a fan-fly was probably
added to increase the friction and thus allow the clock to
run more slowly and regularly. A fan-fly consists simply of
a fan, usually with two blades, which beats against the air
and thus prevents a clock from running too fast. Fan-
flies are still to be found for other purposes in modern clocks.
One is nearly always attached to the striking mechanism
to prevent the hours from being struck too rapidly. Such
a device attached to the striking mechanism of a modern
clock is shown in Figs. 205 and 206. A fan-fly attached
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to an old movement is shown in Fig. 39. They are also
sometimes attached to the escape wheel to keep it from

FIG. 33. — THE JACKS AT DIJON.
(From Dusots, Histoire de I'Horlogerie.)

striking too hard against
the stop.

As soon as a fan-fly was
added, the clock required
less attention from the at-
tendant. It needed winding
perhaps only once in three
or four hours. It was there-
fore arranged so that the
clock would strike the hour
for itself. This required no
new invention, as striking
mechanisms were already in
existence in connection with
clepsydras. The actual strik-
ing was perhaps done in the
first place by jointed autom-
atons known as ‘“Jacks.”
In Fig. 33 are shown the
jacks at Dijon. These were
formerly at Courtrai, which
in the early part of the
fourteenth century possessed
a famous clock which struck
the hours and was remark-
able for its mechanism. It
was said to have been the
largest which had been made
up to that time. In 1382,
after the battle of Rosebecq,
Philip, Duke of Burgundy,
brought the clock with other
spoils of war to Dijon and set

—~a, s
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it up in a tower of the church of Notre Dame. The figure
of the child to strike the quarters was added in 1714.
The word jack is probably a shortening for Jaccomar-
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chiadus, that is, a man in a suit of armor. It may have
come from one Jacques Marck, a clock and lock maker of
Lille. The date of the first introduction of jacks is un-
known. In Fig. 34 is illustrated the old clock with jacks
at York Cathedral in England. This clock, constructed
during the reign of Edward IV (1461-1483), or earlier, was
originally in the south transept. The dial was outside and
the jacks inside. At

present the dial and
jacks are inside in

the north transept

near the choir aisle,

as the illustration

shows. The jacks

are two dark oak

figures popularly

known as Gog and

Magog. Other jacks

in connection with

old clocks may be

seen in Figs. 38, 40,

309, 322.

As yet these

clocks had no dials.

The word dial, by

the way, comes from

the Latin dies mean-

ing day, because it

indicated the divi-

- FIG. 34.—THE CLOCK WITH JACKS AT YORK
sions of the day. CATHEDRAL.

The hours and pos-

sibly the quarters were struck on bells. This illustrates the
derivation of the word clock. The early towers where these
clocks were usually placed were not constructed to leave a
space for dials. But the desire for dials must have become
steadily greater and finally they began to be added to
clocks. This agam was no new invention, as dials were
known in connection with clepsydras. At first there was
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only one hand — the hour hand. Later the minute hand
was added, but probably not until long after 1360. And
there was no need of one, for the clock of 1360 did not keep
time much nearer than two hours a day!

But the clock as yet was a very imperfect mechanism.
There was nothing but the fan-fly to keep it running at a
regular rate. An attendant was constantly needed. And
the rate of running must have been very irregular. If the
ol gradually thickened, or there was a change in tempera-
ture, the rate of running of the clock must have changed
tremendously. The crying need was for some device to so
regulate the rate of running of the clock as to render it
uniform. This was finally invented and consisted of a
foliot balance, verge, and crown wheel. De Vick’s clock
of 1360 had such an arrangement and thus can be con-
sidered a clock in the modern sense of the term. We do
not know how much earlier it was invented or by whom.
It is pictured and described in Chapter VI.

We now have a purely mechanical, self-contained, weight-
driven, automatically regulated clock. The attendant
ceases to be a necessity and passes off the stage, leaving this
new wonderful mechanism to be the center of attraction.
In fact it is stated that the interest and incredulity in con-
nection with De Vick’s clock was so great on the part of
the people that a guard was set to make sure that the clock
was really automatic and there was no secret clock keeper to
look after the mechanism.

Early clocks and clockmakers. — #hen was the mechan-
ical clock invented? Stow says: “This yeare, 606, dyed S.
Gregory, surnamed the Great, being the third yeere of
Focas, 59 Emperoure of the Romanes, and after him Sa-
binianus succeeded, being the 63 Pope: he commanded
clocks and dials to be set up in churches to distinguish the
houres of the day.” These clocks must have been water
clocks, for it was certainly too early for mechanical ones.
From this time on clocks are frequently mentioned, but
there is never any proof that they were mechanical clocks.
In fact there are one or two vague references to clocks

-
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and were in existence before 1360. About most of these
very little 1s known, many have passed out of existence,
practically all of them have been rebuilt and reconstructed
so often that almost no idea of the original form and struc-
ture, particularly of the mechanism, can be formed.

One of the oldest of the timepieces was a horologe sent
by the Sultan of Egypt to Frederick II of Germany in 1232.
“It resembles internally a celestial globe in which sun,
moon, and planets moved, being impelled by weights and
wheels, so that they pointed out the hour, day and night
with certainty.” This would appear to be a mechanical
clock, but perhaps the old writer, havmg in mind later
clocks, was mistaken about its being ‘“impelled by weights.”

The three oldest clocks mentioned in England were at
St. Paul’s Cathedral, at Canterbury Cathedral, and in a
former clock-tower of Westminster. In the accounts of
St. Paul’s for 1286 allowances to the clock-keeper, ““ Barthol-
omo Orologiario” are entered, namely, of bread at the rate of
a loaf daily, for three quarters of a year and eight days, two
hundred and eighty-one panes. This would indicate that
there was a clock at St. Paul’s earlier than 1286. There
are also several later references to the clock-keeper. Be-
fore 1298 it had jacks, usually spoken of as ““Paul’s Jacks,”
to automatically strike the hours. In 1609 they are spoken
of thus: “The Great Dial is your last monument; where
bestow some half of the three score minutes to observe the
sauciness of the Jacks that are above the Man in the Moon
there; the strangeness of their motion will quit your labour.”
In 1344 a contract was entered into to supply and fix a dial.
This contract was between the Dean and Chapter of St.
Paul’s and Walter the Orgoner of Southwark. It is written
in unpolished French and carries the date Nov. 22, 1344.
There is this later reference to the dial: ‘““Somewhat above
the stonework of the steeple, was a fair dial; for which there
was order taken in the 18th of Edward III, that it should
be made with all splendor imaginable. Which was ac-
cordingly done; having the image of an angel pointing to
che hour both of the day and night.” All this would seem
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to indicate that there was no dial previous to 1344. An
old writer furthermore says: “The dial was placed below
the jacks, which were not ousted from office, but continued
to strike the hour with their accustomed regularity.”

" The building of the present cathedral of St. Paul’s was
commenced in 1675. In October, 1700, the following
notice appeared in a kind of newspaper called The Afairs
of the World: ‘“Mr. Tompion, the famous watchmaker in
Fleet Street, is making a clock for St. Paul’s Cathedral
which it is said will go one hundred years without winding
up; will cost 3,000 £ or 4,000 £; and be far finer than the
famous clock at Strasburg.” Nothing came of the pro-
ject. The clock was constructed by Langley Bradley in
1708, at a cost of £300. This clock had two dials, one
facing down Ludgate Hill, and the other looking towards
the south side of the churchyard. It remained in good con-
dition until 1892, when it was taken down. A good descrip-
tion of the clock is to be found in F. J. Britten’s mag-
nificent book: Old Clocks and Watches and their Makers.
The bell upon which the hours were struck also had an in-
teresting historv. In 1700 when the cathedral was ap-
proaching completion, the commissioners purchased from
the church wardens of St. Margaret’s, Westminster, the
celebrated Great Tom which formerly hung in the clock
tower. . This was recast by William Whiteman, but the new
bell cracked and was recast by Richard Phelps in 1716.
It was nearly seven feet in diameter at the mouth and
weighed almost five tons. The quarters were struck on
two small bells just below the hour bell. At present there
is a four-dial modern tower clock in the right tower, as may
be seen in Fig. 36.

About the first clock at Canterbury Cathedral almost
nothing i1s known. Dart, in his history of the cathedral,
mentions that a large clock was set up in 1292 at a cost of
£30. It 1s also recorded: that in 1316, Prior Henry de
Estria bought five bells for Canterbury Cathedral, whereof
one, weighing 8000 pounds, was called Bell Thomas, and
was placed in the great clock-house.
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In 1288 a clock with some great bells was put up in the
Palace Yard at Westminster. There is a tradition that it
was paid for out of a fine of 800 marks imposed upon Sir
Ralph de Hengham, Chief Justice of the King’s Bench,
who out of mere compassion lessened a fine which had been
imposed upon a very poor man. This is probably only a
tradition, but it is mentioned by several writers. In the lat-
ter half of the fourteenth century, about 1365, Edward 111
had a clock-tower of stone erected at Westminster, in
the court yard opposite the Palace or Hall, and near the
site of the present clock-tower of the Houses of Parliament.
This is usually considered the second Westminster clock, and
there are many references to the various keepers of the
clock. This tower was destroyed some time after 1600.
A writer in 1692 says: “We crossed the Palace yard, on the
east end of which lay the relics of Westminster clock-house,
in a confused heap.” As has already been stated, the bell
was sold in 1700 and recast to become the bell for St. Paul’s
Cathedral clock. The present magnificent clock on the
Houses of Parliament is entirely modern. It was finished
in 1854, put up in the tower in 1859, and set going in 1860.
It is described and pictured in Chapter XVII.

There was a clock at Caen in 1314 located on a bridge of
that city. It was a striking clock and made by Beaumont,
a local clockmaker. Some, however, consider that the
clock was of later date and very similar to De Vick’s clock
at Paris.

Exeter in Devonshire, England, is particularly famous
for its old clocks and they are especially interesting because
they have been so thoroughly investigated by Mr. John
James Hall! of Wellington Road in that city. There
must have been a clock at Exeter Cathedral as early as
1318, since in the patent rolls of the eleventh year of the reign
of Edward II, 1318, there is a grant to Rob. Fitzwalter of
lands in Pennmgton for the service of repairing the organ

1 See “Two Famous Old Devonshire Clocks,” American Machinist, Vol.
XXXV, No. 1, p. 5, and florological Journal (London), Vol. LV, Nos. 658, 659, 660
pp- 151, 166, and 187.
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night. The moon (half silver and half black), by its axial and
orbital movements on the inner field, shows its varying phases
(new, full, first, and last quarters, etc.) from day to day, while
the aforesaid fleur de lys (the sun) points outwardly, on the
Roman numerals, to the hour of day or night; and, by its cen-
tral stem, inwardly to the moon’s age on the inner circle of
figures. Prior to the year 1760 (?) the main dial was only sur-
mounted by cresting, but at this date the clock was entirely
overhauled and the minute dial above added. The quarters 1,
2, 3, only were struck by the old, but the fourth has been added
in the new clock on a small basin bell within the transept, just
over the dial, and the hours are struck (as formerly, and by a
separate movement), on the “Great Peter” bell in the tower
above. '
The motto upon the dial is:

PEREUNT ET IMPUTANTUR.

They (the hours) pass and are placed to our account.

One remarkable characteristic of the Exeter Clock, but little
known, and in all probability nowhere else to be found, is the
quaint arrangement for maintaining power during winding, a
fact which places the device (of any form) centuries, it may be,
before the date usually ascribed to its introduction.

The fine-toned bell, “Great Peter,” is in the north tower.
This bell was presented by Bishop Courtenay and recast by
Thomas Perdue in 1676. Its weight is about seven tons
and the diameter at the mouth about seventy-six inches.

The church of St. Mary of Ottery at Exeter also pos-
sesses a very old clock, dating from 1340, which was re-
stored in 1906~7. The dial is now worked by what is
supposed to be the old movement.

The Church of St. Mary Steps at Exeter also possesses
a curious clock dating from the sixteenth century. It is
located on the outside of the church, as shown in Fig. 38.
The dial has but one hand and the corners are embellished
with representations of the four seasons. Above the small
dial is a large covered alcove containing three automatic
figures or jacks. The central one is supposed to be a statue
of Henry VIII, and as the clock strikes he inclines his head.
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and night. There were also thirty images, doubtless rep-
resenting the days of the month. There were painted and
gilded plates portraying sun and moon, and a procession of
monks formed part of the mechanical pageantry. At
present there is practically nothing to be seen. The small
quarter jacks which were formerly in a recess of the south
a|sle and were moved by wires from the clock are now on

““exhibition only” and the bells in the tower are actuated
by a new movement there.

In 1326 Richard Wallingford, Abbot of Saint Albans,
placed a clock in his monastery. His account of it still ex-
ists in the Bodleian Library at Oxford. There is no men-
tion of any escapement or regulator of any kind. It was
still going in the time of Henry VIII (1509-1547), when it
was considered a miracle of art. It noted the course of the
sun and moon, the rising and setting of the planets and the
fixed stars, and the ebb and flow of the tides.

A very early clock, about which we have authentic de-
tails, was constructed in 1335 by Peter Lightfoot, an in-
genious monk of Glastonbury Abbey, for and at the expense
of his superior, Adam de Sodbury, who was promoted to
the Abbacy of Glastonbury in 1322, and died in 1335. This
complicated piece of machinery was originally in the south
transept of the abbey church. It was afterwards removed
with all its appendages to Wells Cathedral at the time of
the dissolution of the monastery in the reign of Henry VIII.
It still remains in an old chapel in the north transept.
The dial is six and a half feet in diameter and is contained
in a square frame.

It is an ingenious mechanism and indicates the hours of
the day and night, the minutes, the age of the moon, and
the moon phases. When the clock strikes the hour, horse-
men, fully armed, dash out of two gateways in opposite
directions. They strike with their lances as they pass as
many times as correspond with the hour. A little distance
away 1s seated a figure which kicks the quarters on two
bells, placed beneath his feet, and strikes the hour on a
larger bell with a battle-axe. Outside the transept is an-
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In 1340 a clock was given to the Monastery of Cluny by
Abbot Pierre de Chastelux. This clock not only indicated
the phases of the moon, the movements of the sun, and the
like but also had a quantity of figures which enacted scenes.
The hours were announced by a cock, which fluttered its
wings and crowed twice.

In 1344 by order of Hubert, Prince of Carrara, a clock
was made by John Dondi at Padua. This seems to have
been a true mechanical clock and attracted wide attention.
It is described as being placed on the top of a turret on the
steeple and designating the twenty-four hours of the day
and night. So famous did its maker become that he was
called ‘“Dondi d’Orologia.”

A turret clock was erected at Dover Castle in the four-
teenth century. On the wrought iron frame are the letters
R. L. and the date 1348. The mechanism seems to have
been similar to that of De Vick’s clock at Paris. This clock
is now at the South Kensington Museum.

The first clock at Strasbourg was begun under John,
Bishop of Lichtenberg, in 1352, and completed two years
later. It was quite complicated, showed the motion of the
heavenly bodies, and enacted certain scenes by means of
automatons. Of its mechanism we know practically noth-
ing. A few wheels may still be in existence. The second
clock, constructed in 1570, was almost entirely new and
very much more elaborate. The one at present in the
cathedral 1s the third clock and was finished in 1842 by Jean
Baptiste Schwilgué. These clocks will be considered in
detail in a later chapter.

Clocks at Genoa in 1353 and at Bologna in 1356 are also
mentioned.

In 135661 a famous clock was constructed for the
Frauenkirche in Niirnberg. The maker is unfortunately
unknown. It was a complicated piece of mechanism and
1s usually considered one of the earliest of the elaborate
clocks. The Emperor, Charles IV, was represented, seated
upon a throne; at the stroke of twelve, the seven Electors,

1 The date is variously given as 1334, 1344, and 1350.
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large moving figures, passed out and bowed before him to
the sound of trumpets. This clock is located over the por-

tal of the West Portico, and is
known now as the ‘“Minnlein-
laufen.” It is stated by some that
the clock was constructed in 1506—9
by G. Heuss and Seb. Lindenast.
Its present appearance is shown in
Fig. 41.

There is a description only of
a famous clock in the Palace of
Abu Hammou, Sultan of Tlemcen,
in Algeria. It was first seen in
1358. Each hour an elaborate
scene was enacted.

Many references to the striking
of clocks are to be found in the
works of the old writers. Dante,
who died in 1321, frequently men-
tions it. Chaucer, who died in
1400, speaking in one place of the
crowing of a cock, says: “Full
sikerer (surer) was his crowyng in
his logge as is a clok, or any ab-
bay orlogge.”

—— C e
ot )

Photo. Underwood & Underwood,
London.

FIG. 41. — THE FAMOUS CLOCK
ON THE FRAUENKIRCHE IN
NURNBERG.



CHAPTER V
THE CONSTRUCTION OF THE SIMPLEST POSSIBLE CLOCK

Introduction. — It might naturally be expected that this
chapter would begin with a full description of De Vick’s un-
questioned mechanical clock of 1360. This has, however,
been deferred until the next chapter, and the present chap-
ter deals with the mechanism of the simplest possible clock.
The reason for breaking this natural sequence is because
this book will fall into the hands of many different classes
of readers. Some will be clock repair men who know clock
mechanism thoroughly. Others may have been attracted to
clocks by the lure of the antique and may have never looked
inside a clock. It seemed best therefore to take up clock
mechanism in its simplest form here so that future descrip-
tions might be more readily understood by all. The sim-
plest clock will, of course, not be a striking clock; it will
have no calender attachments or complications of any kind.
It will be simply a timepiece in the primitive meaning of
that term.

The four groups of parts. — Clock mechanism consists
of four groups of parts: the driving mechanism, the trans-
mitting mechanism, the controlling mechanism, and the in-
dicating mechanism. The driving mechanism supplies the
power and tries to drive the clock or cause 1t to run as fast
as possible. The transmitting mechanism simply communi-
cates the motion to the controlling mechanism. The con-
trolling mechanism allows the clock to run just so fast and
no faster. The indicating mechanism simply indicates how
fast the clock is running.

The driving power may be either a weight or a coiled
sprmg Hlstoncally the weight was used a good four cen-
turies before the spring. At present one is used as much as
the other. We will consider here that the clock is weight-
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driven. There are several ways of attaching the weight.

There may be a pulley at the top of the weight around

which passes a cord. One end is attached to the frame of

the clock and the other 1s wound around a drum. This

drum, or the axle to which it is rigidly fastened, is con-

nected by means of a ratchet and click to a large cogged

wheel which rides freely on the axle and supplies the power

to the transmitting mechanism. The main driving wheel

from a small clock with its ratchet and click is pictured in

Fig. 42. This driving wheel must be connected with the

drum through the ratchet and click and cannot be rigidly

attached to 1t, in order that the

weight may be wound up after it runs

down. A ratchet and click in con-

nection with the drum may be seen

in Fig. 48. The weight is wound up

by means of a key which has a

square hole in it which fits over the

squared end of the axis or arbor to

which the drum is fastened. Another

way is to attach the weight to the

end of a flat chain which passes over

a grooved wheel provided with points

to keep the chain from slipping. This FIG. 42. — A MAIN DRIVING
. . WHEEL WITH ITS

grooved wheel is again connected by  RarcHET AND CLICK.

means of a ratchet and click to the

large cogged driving wheel. The weight is wound up by

simply pulling the free end of the chain. In still another

form the cord after leaving the drum passes over a pulley

at the top of the clock case and then to the weight. These

three ways of attaching the weight are shown diagrammat-

ically in Fig. 43, on page 76.

The transmitting mechanism consists of a series of
cogged wheels working one in another and is sometimes called
the time train. The larger cogged or toothed wheels always
do the driving. The smaller wheels which are driven are
wider and have horizontal serrations or cogs which are
called leaves. These driven wheels are called pinions. On
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each axle or arbor there is rigidly fastened a wheel and a
pinion. The ends of the arbor are called pivots and these
run in holes in the frame or plates which hold the clock
mechanism. These holes are jeweled in good watches and a
few clocks. In Fig. 44 some arbors with wheels and pinions
are shown. Arbors, with wheels and pinions, are also dis-
tinctly visible in Figs. 47, 48, and 152. The time train of a
clock will contain at least one and may contain as many as
five of these axles. It depends a little upon the maker, but
chiefly on the length of time the clock is to run. There

Y

FIG. 43. — THE THREE WAYS OF ATTACHING A WEIGHT TO A CLOCK.

are one-day clocks, one-week clocks, one-month clocks, and
one-year clocks. In each case the clock will actually run
about twenty-five per cent longer than the specified time.
That is, a one-day clock will run about thirty hours before
it runs down. The great toothed wheel of the driving
mechanism drives the pinion on the first axle. Its wheel
drives the next pinion and so on until the wheel on the last
axle drives the pinion on the axle of the escape wheel which
is a part of the controlling mechanism. In this way the
transmitting mechanism lives up to its name and simply
transmits the motion from the driving to the controlling
mechanism. Each axle turns faster than its predecessor
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as some foolishly suppose, but it is the clock which keeps
the pendulum going. Thus the rate of running is controlled,

¥
D
ﬂgiﬂ

1
FIG. 45. — AN ANCHOR FIG. 46. — A SO-CALLED AMERICAN
ESCAPEMENT AND ANCHOR ESCAPEMENT, CRUTCH,

PENDULUM. AND PENDULUM.

for it must run at the rate of one tooth for the full time of
swing of the pendulum. In Fig. 46 is shown another wav
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CHAPTER VI
THE HISTORY OF CLOCKS FROM 1360 TO 1500

A description of De Vick’s clock. — The year 1360 is
chosen for the beginning of this period because then, or ac-
cording to some writers a few years later, Henry Wieck, or,
as he was later called, Henry De Vick (Henri de Vic), of
Wiirtemberg, constructed a clock for Charles V of France.
It was placed on the Royal Palace, which is now the Palais
de Justice in Paris. Its present appearance is illustrated
in Fig. 49. De Vick was lodged in the tower while work-
ing on the clock and was paid at the rate of “six sous Parisis”
a day. It required eight years to complete the work. The
present architectural surroundings of the clock date from
1585 and the clock itself has been repaired and renovated
several times, the last time in 1852. The dial is shown in
Fig. s0. It had but one hand, and the spaces between the
hours were each divided into five equal parts. The figures
of Piety and Justice which flank the dial are by Germain
Pilon and the bell on which the hours are now struck was
cast by John Jouvance. This is the first unquestioned me-
chanical clock about which we have fairly complete infor-
mation. A description of it has come down to us from the
famous _]ulten Le Roy (born 1686, died 1759), who exam-
ined it while it was still in running order, and in its original
condition. It was a comparatively simple clock, for it kept
time and struck the hours and did nothing else. There
were no additions or complications of any kind. There were
also no automatic figures to enact scenes at the various
hours or particularly at the hour of twelve, as was the case
with so many of the ponderous, complicated clocks of the
time. The clock mechanism was 1n two distinct parts, con-
nected by only one rod. The weight which drove the time-
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keeping part weighed 500 pounds and the striking weight
weighed 1500 pounds.

Front and side views of the timekeeping half of the

mechanism are shown in Fig. 51. The heavy weight 4
was attached directly to the rope, which was wound around
the drum B. This drum was loose upon its arbor and was
connected by means of a ratchet and click seen at F to the
main driving wheel G. In order to make the winding of
the heavy weight easier there was a separate winding arbor
P which carried a cogged wheel, n, which drove another .
larger cogged wheel, Q, which
was firmly fastened to the drum.
With this arrangement the wind-
ing would take much longer, but
far less strength would be re-
quired. The winding handle was
placed on the squared arbor of P.
These parts just described con-
stituted the driving mechanism.
The time train or transmitting
mechanism consisted of just one
wheel and pinion. It is shown at
H in the figure.

The controlling mechanism
consisted of a crown wheel, I,
verge escapement, K, and foliot ~FIG- %~ MHE Li. Of DE
balance, L. These parts are
shown in detail in Fig. 52. The crown wheel looks some-
thing like a crown and is serrated with teeth like those of a
saw, placed parallel with its axis. The verge (from a Latin
word meaning to turn round) escapement consists of a rod
pivoted at its foot, suspended by a string to take most of
the weight off the support, and provided with two blades
or pallets nearly at right angles to each other which engage
the teeth of the crown wheel. The foliot balance swings in
a horizontal plane and is rigidly fastened to the verge. It is
provided with two weights which can be moved in or out
and thus determine the time of swing of the balance. The
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which moved over the dial. Under this hand there is seen
a plate with twelve pins. This really belongs to the strik-
ing mechanism. Each hour one of these pins pressed down
and finally released the rod, X, which started the striking
mechanism which constituted the other half of the clock.
It will now be seen that this clock of De Vick’s was a
self-contained, weight-driven, mechanically-controlled clock

FIG. 52. — THE CONTROLLING MECHANISM OF DE VICK'S
CLOCK. .
(From Dusois, Histoire de I'Horlogerie.)

and thus worthy to be considered a clock in the modern
sense of the term. As far as its time-keeping qualities are
concerned, it is said that it did not keep time much nearer
than two hours a day. Think of it! In the fourteenth cen-
tury the accuracy of the best timekeeper was two hours a
day! And at that it probably did better than a clepsydra,
for it was Seneca, I believe, who, speaking of Roman time-
keepers, remarked that philosophers agree more readily
among themselves than clocks.
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Tower clocks and cathedral clocks. — During this
period from 1360 to 1500 tower or turret clocks and im-
mense ponderous clocks to be placed inside cathedrals and
public buildings continued to be constructed in ever in-
creasing numbers and complexity. There were no improve-
ments or changes in the mechanism. They were all con-
structed, with the exception of very minor modifications,
exactly like De Vick’s clock of 1360. The tower clocks
were as a rule the simpler. They very often simply kept
time and struck the hours. The clocks placed inside the
cathedrals were often fifteen, twenty, even thirty, or forty
feet high, with other dimensions to correspond. They were
usually extremely complicated. Sidereal and true solar
time were often indicated as well as mean solar time (stand-
ard time had not yet come into existence). The motions of
the sun, moon, and planets were shown. A perpetual cal-
endar, including the various church festivals, was indicated.
Marionette exhibitions took place each hour and sometimes
at the hour of twelve elaborate scenes were enacted by
means of automatic figures or puppets.

It is of course impossible to state exactly how many
clocks had been constructed before 1500, but by this date
nearly every large city of note had at least one tower clock and
nearly every noteworthy cathedral had its elaborate clock.
In the year 1500 the crest of the wave of enthusiasm for the
building of this type of clock had not yet been reached.
This came a century or so later. A few of these elaborate
clocks will be described in detail in a subsequent chapter.

Domestic clocks. — It is a very interesting question as
to whether the domestic or chamber clock made its appear-
ance before 1500. By a domestic or chamber clock is meant
a little clock which an ordinary well-to-do householder
could place in an ordinary room of his house. Were they
made small enough and cheap enough for this purpose?
The evidence is of three kinds. There are in the museums
a very few, questionable, rebuilt, domestic clocks supposed
to date from before 1500. There are two or three repre-
sentations of such clocks and lastly there are quite a few
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references to little portable clocks in old letters and manu-
scripts. A portion of a letter written by Sir John Paston in
1469 1s as follows:

I praye you speke wt Harcourt off the Abbeye ffor a lytell
clokke whyche I sent him by James Gressham to amend and yt
ye woll get it off him an it be redy, and send it me, and as ffor
mony for his labour, he hath another clok of myn whiche St.
Thoms Lyndes, God have hys soule, gave me. He maye kepe
that tyll I paye him. The klok is my Lordys Archebysshopis
but late him not wote off it.

Perhaps the very first reference to domestic clocks is
contained in a poem, entitled the “Romaunt de la Rose”
and written by Jean de Meum about 1305. It is in French
and the four lines in question have been translated thus:

And then he made his clocks strike
in his halls and in his chambers,
with wheels very subtily contrived
with a continuing movement.

It would thus seem that the domestic clock did make
its appearance before 1500, but it is equally certain that
they were very few in number and not at all common. In
form they were probably like the “bird cage” or ‘“lan-
tern” clocks which became very common in the century
following 1500. The mechanism was probably identical
with that of De Vick’s clock, only on a much smaller scale.

The year 1500 is chosen as the year for ending this
period not because it is the end of a century but because in
that year a great invention was made by Peter Henlein or
Hele of Niirnberg. The mainspring, as a source of power
for driving clock mechanism, was discovered. From this
point on our history divides into two parts. We must con-
sider the weight-driven clock on the one hand and the
spring-driven clock, clock-watch, and eventually watch, on
the other. Up to this time, 1500, there were but three
kinds of mechanical timekeepers in existence, namely, tower
clocks, ponderous cathedral clocks, and a very, very, few
domestic or chamber clocks.



CHAPTER VII

THE HISTORY OF WEIGHT-DRIVEN CLOCKS
FROM 1500 TO 1658

The title of this chapter is the history of clocks from
1500 to 1658. It might have been called the history of
clocks from the invention of the mainspring to the inven-
tion of the pendulum, for it is these two inventions which
set the bounds for the period. In this chapter only weight-
driven clocks will be considered. Spring-driven timekeepers
of this same period will be taken up in subsequent chapters.

Tower clocks. — During this period tower or turret
clocks continued to be built in large numbers. Cathedrals,
churches, monasteries, castles, and public buildings were al-
most always supplied with them. The tower clocks tended
if anything to become more simple. Usually they did
nothing but indicate the time on a dial and strike the hours,
although at times there were chimes at the quarters and
before the strokes of the hour. There still continued to be
but one hand, namely, the hour hand. In a very few cases
just before the close of the period the minute hand had per-
haps been added. No improvements were made in the
mechanism except greater care in the construction. They
were weight-driven and controlled still by the foliot bal-
ance, verge, and crown wheel, just as in De Vick’s clock
nearly three centuries before. There seems to have been a
remarkable lack of interest in the timekeeping accuracy of
clocks. Great pains were taken with the decoration of the
dial or the outward appearance of the timekeeper, but there
seems also to have been an almost unexplainable apathy as
to the timekeeping qualities of the clock. Perhaps a half
hour was not as precious then as now.

Cathedral clocks. — Large, ponderous clocks for the
interior or exterior of cathedrals and public buildings also

88
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continued to be constructed. They were always extremely
elaborate, indicating various kinds of time, calendar changes,
and the positions of the heavenly bodies. Scenes were
enacted by means of puppets. Not only were the hours
struck on a bell, but cocks crew, lions roared, drums were
beaten, and the like. The mathematician, the astronomer,
and the mechanician joined forces to make these clocks as
intricate as possible. The middle of the period just about
marks the crest of the wave of enthusiasm for this type
of clock. By the end of the period there was very much
less interest. Two things probably brought this about.
In the first place there were more kinds of clocks to claim
the interest and, secondly, the coming of the domestic or
chamber clock dissolved the mystery which had for cen-
turies hung about clock mechanism.

A few ““cathedral clocks on a diminutive scale,” if we
may coin a descriptive phrase for them, were constructed
during this period. They were from four to six feet high
and very intricate. It was an attempt to construct on a
small scale a clock which would perform as many as pos-
sible of the operations of the ponderous cathedral clocks.
There are but very, very few of them. All the museums
and collections of the world probably contain less than
twenty-five. One or two of them will be described in a later
chapter (XXV) on “Some Famous Clocks and Watches.”

Domestic clocks. — The all-important event during this
period was the coming of the domestic clock. By a do-
mestic or chamber clock is meant one which, in contrast
to the tower or cathedral clock, was so small and cheap
that the well-to-do householder could afford to own one
and could place it in any ordinary room. These domestic
clocks probably originated before 1500; it was nearly 1600
before they were at all common; by the end of the period,
1658, they were to be found, particularly in England, al-
most everywhere. They were all practically identical in
appearance and construction. They are spoken of as the
“bird-cage,” “lantern,” “bed post,” or ‘‘Cromwellian”
clock and a few are illustrated in Figs. 53 to 58. “Lantern”
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clock is probably the more usual name now. It was so
called because it followed the form of the lantern of the
period and, like it, was hung on a wall. Some were so
small as to have a dial not more than 3 inches in diameter.
The larger ones would have a dial perhaps 10 or 12 inches
in diameter. If there was any pronounced tendency it was
perhaps to become a little larger towards the end of this
period. They were usually striking or alarm clocks. The
bell was placed at the top and the striking mechanism was
always separate and placed behind the time mechanism.
They were usually constructed to run 3o hours, never any
longer. This required a long fall for the weight. Some-
times they ran only 12 hours.

Around the top there were brass ornaments called
“frets,” usually three in number, one in front, and one on
each side. In the beginning each maker probably had his
own style of fret, but they were much copied, so that the
fret now indicates the date of a clock rather than its maker.
Sometimes a space was left for the name of the maker or
owner. Some of the frets are heraldic in nature. The
crossed dolphin fret is a very common one. This came in
about 1640 or perhaps a little earlier. It is sometimes
said to have been the coat of arms and later the trade
mark of Thomas Tompion, a very famous clockmaker of
London, who was born in 1639 and died in 1713. This is
hardly possible, however, as this form of fret was in use
even before Tompion’s birth. The statement is made by
one writer that the heraldic fret was used from 1600 to
1640; the dolphin fret from 1650 on; and various other frets
from 1680 on.

The brass sides of the clock were often etched and chased
and sometimes mottoes were engraved on them. Perhaps
they were decorated in accordance with the taste of the
would-be purchaser. The dials were of brass, often thickly
gilt, and sometimes with a silvered strip for the hour nu-
merals. There was but one hand, the hour hand. The
spaces between the hours were sometimes not divided at
all, but usually they were divided into fourths or fifths.
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The dials were often a little larger than the front of the
clock.

These clocks were true bracket clocks in the sense that
it was necessary to place them on a bracket in order to
have a long free fall for the weights. These brackets, par-
ticularly in the Netherlands, were often elaborately carved
and decorated. Sometimes, however, the clocks were
simply spiked or fastened to the wall.

The mechanism of these clocks was extremely simple.
The heavy weights were fastened to the ends of flat chains
or in the earlier clocks to plaited ropes which passed over
grooved wheels with points to keep the ropes from slipping.
They were wound up by pulling the free ends of the ropes.
There were four corner posts connecting the top and bottom
plates. The pivots ran in vertical pillars running between
the plates. The time train consisted of one wheel and
pinion. The controlling mechanism was the usual foliot
balance, verge, and crown wheel. This was exactly like
De Vick’s clock, except that the foliot balance instead of
being a single rod with weights had been developed into a
full wheel. It was at the top of the clock under the bell
just above the top plate. There was no under-the-dial
mechanism and just one hand. The striking mechanism
always occupied the back half of the clock.

Fig. 53 illustrates such a lantern clock made by William
Payne in East Smithfield, England, in 1618, and now in
the private collection of Percy Webster. It is a striking
clock 15} inches high over all, 6% inches wide and 5}
inches deep. It has a one-inch hour circle. Fig. 54 shows
the mechanism of the clock. One side and the fret above
have been removed. The foliot balance wheel at the top
can be plainly seen, and is illustrated separately in Fig. 55.
The weight ropes have been removed, but the grooved
wheels with the points can be easily recognized. The right-
hand half of the mechanism is for timekeeping and the left-
hand half makes up the striking mechanism.

Fig. 56 illustrates a fine seventeenth-century lantern
clock which is now in the British Museum in London. It
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is in a fine state of preservation and the photograph is es-
pecially good. Unfortunately there is no name on it. The
fret is a particularly fine example of the crossed dolphin
fret and shows in general the careful work which went
into fret construction. There is but one hand and the
hour spaces are divided into four parts.

Fig. 57 illustrates a lantern clock, also in the British
Museum, which was made by the famous Thomas Tompion,
whose name can just be made out on the dial. It is an
alarm clock and the inner circle of figures on the dial is for
the alarm.

Fig. 58 illustrates a lantern clock which is now in the
South Kensington Museum. [t was an alarm clock, as is
indicated by the inner circle of numbers on the dial. This
clock now has a pendulum, which shows that it was rebuilt
after 1658. The fret is identical with the one pictured in
Fig. 56. This does not necessarily mean that it was by
the same maker. On the dial may be read: “ Andrew Prime
Londini fecit.” Andrew Prime was made a member of the
Clockmakers’” Company in 1647. Other clocks by him are
also in existence. All four of the lantern clocks illustrated
in Figs. 53-58 have but one hand and the form in each case
is worthy of careful notice.

The Clockmakers’ Guild. — This period also saw the rise
of powerful trade guilds which had a profound influence on
the making of clocks and watches. In 1630 a committee of
London clockmakers was formed, money raised, and a pe-
tition for a charter sent to the king, Charles I. It was
granted on August 22, 1631, and, as it was officially desig-
nated, “The Master, Wardens, and Fellowship of the
Arts and Mystery of Clockmaking of the City of London”
came into existence. This trade guild is usually spoken of
as the “Clockmakers’ Company,” and in many books,
after being once mentioned and explained it is referred to
simply as the “C.C.” David Ramsay was first master;
Henry Archer, John Willowe, and Sampson Shelton were
the first wardens; and James Vantrollier, John Smith,
Francis Foreman, John Harris, Richard Morgan, Samuel
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Linnaker, John Charlton, John Midnall, Simon Bartram,
and Edward East were the assistants or as we would now
call them, the committee of management. The offices
were usually held in rotation, the master holding office only
one year and then returning to the rank of assistant. The
assistants were elected for life. There were quarterly dues
and many rules and regulations for governing the trade
and the conduct of the members. The company was em-
powered to make laws governing all persons in the trade in
London itself, within ten miles of the city, and to a certain
extent throughout the whole realm. Only one apprentice
could be taken except by a master, warden .or assistant, in
which case there could be two. The length of service of an
apprentice was five years and there were fairly heavy fines
for disobeying the regulations. The company possessed
the right of search ostensibly to prevent the “making, buy-
ing, selling, transporting, and importing any bad, deceitful,
or insufficient clocks, watches, larums, sun-dlals, boxes, or
cases for the said trade.” They could “enter with a con-
stable or other officer any ships, vessels, warehouses, shops,
or other places where they should suspect such bad and de-
ceitful work to be made or kept for the purpose of searching
for them.” This right was actually exercised for more than
a century. This Clockmakers’ Company has continued to
the present time. Now its magnificent horological library
is in the Guildhall, as is also the fine collection of timekeepers.
The records of the Clockmakers’ Company are very com-
plete, so that they are a reliable mine of information for
determining the dates, place of business, and the like, of
any old clockmaker.

The Paris Guild of Clockmakers was given its first
statute of incorporation by Francis I in 1544. The signers
of the petition were Fleurent Valleran, Jean de Presles,
Jean Pantin, Michel Potier, Anthoine Beauvais, Nicholas
Moret, and Nicolas le Contandois. The statute was
changed several times during the next century. They, too,
had elaborate rules and regulations for governing the trade,
the taking of apprentices, and the like. It may have
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been a proposal in 1627 to grant letcers patent authorizing
French clockmakers to carry on their trade in London
which stirred up the London clockmakers to form their
own trade guild.

The period treated in this chapter ends in 1658 with the-
introduction of the pendulum, an invention destined to
practically revolutionize clockmaking.



CHAPTER VIII
THE WATCH OF TO-DAY

This is again an interpolated chapter. The natural ex-
pectation would be that the history of weight-driven clocks
which was brought down to 1658 in the last chapter would be
continued, or that the history of spring-driven timekeepers
from 1500 on would be taken up. This has, however, been
deferred until later chapters and the present chapter takes
up in detail the construction of the watch of to-day. This
may seem irrelevant here, but it is hoped that the insertion
of this material will make the descriptions in later chapters
much more interesting and easily understood.

At first thought it might be supposed that it would be
necessary to consider some special model of one particular
maker but that, fortunately, is not the case. All watches
at the present time, particularly all American-made watches,
are so nearly alike that a description of any one will give a
good idea of the construction of all. The number of dif-
ferent sizes, models, and grades may mount up into the
hundreds, but yet they are all very much alike in construc-
tion.

A watch consists of two parts: the case and the works
or movement. It is often the case which first attracts at-

tention, and many a watch is sold simply through its ap-

pearance, although the unseen movement is the all-essential
part. In this chapter the movement alone will be con-
sidered.

Watch sizes. — The largest gentleman’s watch now made
is called 18-size. The 16-size is the one usually chosen; it
is a little smaller. The 12-size, which is smaller still, is pre-
ferred by some who like a smaller, thinner, daintier watch.
All watches used by railroad men must be either 18-size or
16-size. It used to be thought that a larger watch was
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sturdier, could be more accurately adjusted, would keep
better time, and stand more abuse. With the precision of
mnodern construction a 12-size watch is probably now just
as good for nearly all purposes as an 18-size.

These numbers, which express the size, are not arbitrary
but are the number of thirtieths of an inch by which the
diameter of the movement exceeds 1% inches. Thus the
diameter of a 12-size movement is 13§ inches and of an
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FIG. 59. —THE THREE SCALES FOR EXPRESSING THE SIZE OF A
WATCH MOVEMENT.

18-size, 133 inches. It must be remembered that this is
the diameter of the movement, not the case.

Not many years ago watch movements ‘~ere perhaps not
quite true to size, but that is not so at present. It is usually
not the same firm which makes both case and movement,

sand thus it is absolutely essential that both be made true
to size. One may choose a watch case at a jeweler’s and
have a great variety of movements placed in it. Some
manufacturers, however, always case the movement at the
factory and sell only complete watches. The claim is made
that it i1s better to make the final adjustments to a watch
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movement in its own case It also obviates the difficulty ,
of having possibly an unskilled jeweler fit the movement to
the case.

Ladies’ watches are usually o size. That means the
movement has a diameter of 14 inches. Some are smaller
and the sizes run 00,000 even down to 000 000 cooo. These
are often written 2-0, 30, etc., to 10-0, or 2/0, 3/0, etc.
The oo movement has a diameter of 1g% inch, the ocoo a
diameter of 15% inch and so on.

The size of the movement of a foreign watch is some-
times expressed in millimeters. It is only necessary to
remember that 25.4 millimeters equal one inch.

Occasmnally the size of a movement is expressed in
“lines” or “lignes.” It is only necessary to remember that
a line is 2.26 millimeters. Thus a movement having a
size of 8 lines would he about 18 millimeters in diameter.
This would be a little more than 3} inches, so that the size
would be 15-0; a very small watch indeed, but there are
watches made this small and even smaller.

In Fig. 59, on page 98, the three scales are shown
together in natural size.

In Fig. 60 (a to f) are shown six watches of different sizes,
one of 18-size, two of 16-size, one of 12-size, one of oO-size,
and one of 5—o-size. They are all made by well-known
representative American firms, as may be seen on the
watches themselves, and are models which are manu-
factured at present. The illustrations are actual size.

Watch plates. — The wheels, pinions, and various parts
which make up a watch movement are mounted between or
attached to two plates which are the framework of the
movement. These plates are separated by a small distance
and held rigidly together by means of so-called “pillars.”
One plate is always a complete, round plate, but cannot be ®
seen unless a watch movement is taken apart. It is di-
rectly behind the dial, so that it cannot be seen from the front
and it cannot be seen from the back (at least a large part
of it) because the other plate or the parts of the movement
cover it. The second plate may also be a full plate. It
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may be partially cut away, in which case it i1s called a
three-quarter plate movement. It may be replaced by a
series of bars or bridges which extend over the works and
hold different parts. In this case the movement is called a
bridge. model. In Europe such a movement is usually
called a Geneva bar movement. There are thus full-plate, ¢
three-quarter-plate, and bridge model movements and these
three kinds are illustrated in the three watches pictured in

FIG. 60ec. FIG. 60f.

Fig. 61. They are American-made watches and are manu-
factured at present.

These plates are often of brass (an alloy of copper and
zinc), usually heavily gilt. They may consist of a nickel
alloy, i.e., nickel alloyed with zinc and copper. When
finished with wavy lines, bars, or figures they are said to
be ‘““damaskeened.” This ornamentation should perhaps be
called snailing rather than damaskeening.

There 1s no decided modern tendency and yet on the
whole there seems to be an increase of bridge models and a
falling off in full-plate movements. The older, larger watches *
nearly always have a full plate. The smaller and newer.
ones are of the bridge model. Both have advantages.
The full plate makes the watch a little more rigid and
probably keeps more dust and lint out of the movement.
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FIG. 61. — THREE WATCHES ILLUSTRATING THE THREE MODELS.
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The bridge model is thinner, the balance wheel is less liable
to be crushed in case of accident, and certain parts can be
removed without taking down the whole movement. Of
course a far better view of the watch movement can be
gained, but that is hardly an advantage, for the less often a
watch case i1s opened and the movement exposed to view,
the better.

The four groups of parts. — Just as in the case of a
clock, so also a watch movement may be considered to con-
sist of four groups of parts. There is the driving mechanism,
the transmitting mechanism, the controlling mechanism,
and the mdlcatmg mechanism. The driving mechanism
consists of the mainspring coiled in its barrel. The trans-
mlttmg mechanism consists of three cogged wheels with
pinions mounted on three axles or arbors. The controlling
mechanism consists of balance wheel, balance spring, de-
tached lever, and escape wheel. The indicating mechanism
consists of the hands and dial and the under-the-dial mech-
anism or motion work. These parts will now be taken up
in order and considered in detail.

The driving mechanism. — The power is supplied by
the mainspring, which is a coiled ribbon of steel from about
24 to 10 inches long, depending upon the size of the watch

and with a width and thickness to correspond. It is con- -

tained in a circular box called the barrel. One end of the
spring is fastened to the inside of the barrel and the other
to the arbor or axle upon which the barrel rides freely.
Every American watch has a so-called “going barrel.”
This means that when the watch is wound, the arbor is
turned, thus coiling the spring tightly around it. As the
spring uncoils it pulls the barrel around. The edge of the
barrel or a wheel attached to it is provided with teeth which
mesh in the leaves of the pinion on the first arbor of the
transmitting mechanism. This then becomes the driving
wheel of the watch and supplies the power to the trans-
mitting mechanism. A mainspring causes a barrel to
rotate three times in 24 hours and five times before it com-
pletely uncoils and the watch runs down. Modern watches
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sare thus made to run 40 hours. In Fig. 62 are shown an
empty mainspring barrel and the largest and smallest main-
spnngs coiled in their respective barrels. Fig. 63 1s a cross-
section of a barrel, showing the barrel itself, its cover, the
arbor upon which it rides, the hub, C, to which the main-
spring is attached, and the
jewels, 4, E, in which the
arbor runs.

A watch is either a stem-
winder or is wound by means

of a watch key. The mod-

FIG. 62. — EMPTY MAINSPRING BARREL ern WatCheS are a“ stem-
AND LARGEST AND SMALLEST MAIN- .
SPRINGS. winders. Watches wound

by means of a key are, how-
ever, simpler in construction. Here the arbor to which the
mainspring is attached is prolonged until its squared end
is visible in the hole in the inner case of the watch. When
a watch is wound there must be a “ratchet and click” to
prevent the mainspring from immediately uncoiling again.
This consists of a toothed wheel called the ratchet which
is firmly attached to the arbor. There is also a dog or
pawl, called in watch work a click, which is fastened to one
plate of the watch and is
held against the ratchet
by means of a click
spring.  The familiar
clicking sound heard
when a watch i1s wound
is caused by the sliding
of this click or pawl over Fric. 63.—A CROSS-SECTION OF A MAIN-
the teeth of the ratchet. SPRING BARREL.

. (Illinois Watch Co.)

If a watch is a stem-
winder, then two steel winding wheels are introduced be-
tween the barrel arbor and the wheels and parts attached to
the stem. One of these wheels is fastened firmly to (that is
it is squared onto) the barrel arbor. In this case no separate
ratchet is necessary and the click is applied directly to one
of the winding wheels. Sometimes a so-called recoiling
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click is used. That is, the mainspring is allowed to uncoil
just a little before the click finally catches and holds. Such
a one is pictured in Fig. 64, which shows well the winding
wheels and the recoiling click. The advantage is that the o
mainspring is thus never left strained to the utmost by
winding to the very limit. There are three disadvantages
in leaving a mainspring wound up very tight. If the
watch is at once exposed to a lower temperature the main-
spring may break, due to contraction. The oil is squeezed

FIG. 64. — A RECOILING CLICK.
(Waltham Watch Co.)
out of the spring. Too much tension is put on the other
parts of the watch movement, especially the lever and the
pivots.

At the present time there are two attachments which are
sometimes added to the driving mechanism. These are a
winding stop, usually called a Geneva stop to prevent over-+
winding and an up-and-down winding indicator to show
when the watch was last wound. Historically there are
three other things which have been associated with the
driving mechanism but are not to be found now on any
American watch or, in one or two cases only, on any watch
made at the present time. These are the “stackfreed,”
the “fusee” and “maintaining power.” These five attach-
ments will be fully considered later.
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The transmitting mechanism consists of three axles or
arbors each carrying a pinion and a wheel. The wheels are
called the center wheel, the third wheel, and the fourth
wheel. The reason for numbering in this way is because
the teeth on the edge of the going barrel which mesh into and
drive the pinion on the center wheel arbor are considered
as constituting the first wheel. These are shown in Fig. 65,

which is really a model
of the essential parts of
a watch. In the watches
illustrated in Figs. 60 and
61 most of these parts
can be made out. The
wheels are either brass
or gold and the pinions
and arbors are made of
steel. Fig. 66 pictures a
typical center wheel and
also a wheel and pinion
fastened to an arbor.
The going barrel

turns once in eight hours.,

FIG. 65. —A MODEL OF THE ESSENTIAL 3
L O A The bratlof betvw;]een tge
(Waltham Watch Co. number of teeth on the

barrel and on the center
+pinion is always 8 to 1, so that the center arbor turns in
just one hour. This arbor is placed in the center of the
watch and is prolonged through the dial and carries the
minute hand. On the movement of many watches will be
found the words “safety pinion.” Most watches at present,
whether so marked or not, have one. It means that the
center pinion is screwed onto the arbor instead of being
rigidly fastened to it. The great advantage is this. When
the mainspring breaks (and that is certain to happen sooner
or later in every watch) the sudden powerful recoil simply
unscrews this pinion and the watch movement escapes
injury. If this were not so, teeth might be broken from the
barrel, the pivots of the center arbor broken off or bent,
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and injury to the escapement might also result. The ratio
of the teeth on the center wheel to the leaves on the pinion
of the third wheel is 8 to 1, so that the third wheel turns in
seven and one half minutes. The ratio of the teeth on the
third wheel to the leaves on the pinion of the fourth wheel is
7% to 1, so that the fourth wheel turns in just one minute.
Its arbor is prolonged through the dial and carries the second
hand. The ratio of the teeth on
the fourth wheel to the leaves on
the pinion of the escape wheel is
usually 10 to 1, so that the escape
wheel turns in six seconds. We
have now left the transmitting _ .~ " -

mechanism and come to the con- ~ WHEEL AND A WHEEL AND

trolli echanism. PINION ATTACHED TO AN
rolling mechanis AREOR.

It may be Stated_ a§ a sum- (The Dueber-Hampden Watch Co.)
mary that the transmitting mech-
anism consists of three arbors, each carrying a wheel and
pinion. Its purpose in a watch is to receive the power
from the going barrel and to transmit it to the escape wheel.
Each successive wheel turns with greater speed and less
power than its predecessor. Incidentally two of the ar-
bors are prolonged through the dial to become the points
of attachment of the indicating mechanism.

The controlling mechanism is sometimes called simply
the escapement and it is the most delicate and compli-
cated part of a watch. Its function is to allow a watch to
run just so fast and no faster. There are four kinds of es-
capements used in modern watches. These are ‘“the de-
tached lever,” ‘“the cylinder,” ‘‘the duplex,” and “the
chronometer” escapements. Every American watch to-
day has a detached lever escapement. Some of the others
have been used in American-made watches and are still
used in foreign watches. They will be considered in a
later chapter. It will be assumed in this chapter that the
watch has a detached lever escapement.

The controlling or governing mechanism consists of the
escape wheel, the detached lever which is usually called the
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pallets and fork by jewelers and watchmakers, and the
balance staff or arbor which carries the balance wheel,
the balance spring, and one or two rollers. These parts are
pictured individually in Fig. 67: (a) is the escape wheel,
(b) the escape wheel enlarged, (c) the .pallets and fork,
natural size, (d) pallets and fork much enlarged, (¢) a
balance staff, (f) a balance staff much enlarged, (g) a balance
wheel, (k) a balance wheel much enlarged, (i) and (5) two

FIG. 67. — THE INDIVIDUAL PARTS OF THE ESCAPEMENT.

kinds of balance springs. Since all the parts operate together
in controlling the running of a watch, it will be best to
describe the construction of each part first, and then to
consider the method of operation of the whole.

The escape wheel usually has 15 teeth and is made of
brass, steel, or aluminum bronze. The teeth are called
“club” teeth and have a peculiar form. Their sides are
not radial and their faces are not tangential (see Fig. 67).
It will be remembered that the escape wheel turns in six
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seconds and is driven by the transmitting mechanism.
The lever is pivoted near its center and swings backward
and forward. The limits of its motion are determined by
the pins placed in one of the plates and called banking pins.
It is usually so arranged that these pins can be moved a
little nearer to or farther away from the lever. The lever
carries at one end the pallet jewels or pallet stones. In
good watches they are either rubies or sapphires and are
set into or shellacked to the lever. They are cut to have a
perfectly definite form. At the other end of the lever is
the fork.

The balance staff is made of steel and carries from the
top down (that is, from the back of a watch towards the
dial) the balance spring, the balance wheel, and one or two
rollers, depending upon whether it is a single roller or a
double roller escapement. The difference is very slight
and it will be assumed here that we have to do with a double
roller escapement. The balance spring, or hairspring as it
i1s often called, consists of about fifteen coils, one outside
the other. The inner end is fastened to the “collet” or
hub, which is fastened to the balance staff. The last or
outer coil passes between the curb pins which, by being
moved, enable one to regulate a watch, that is to make it
go a little faster or a little slower. The outer end of the
hairspring is fastened to a stud in the watch plate. There
are two kinds of hairsprings, — flat hairsprings and Bréguet
or overcoil hairsprings. In the first case the hairspring
coils all lie flat in one plane. In the case of the Bréguet
spring the last coil is brought up and over the rest. The
two kinds are shown in Fi ig. 67 (1) and (7). The two ad-
vantages of a Bréguet spring are that there is less danger
of the coils being caught in the regulator pins if the watch
is violently jarred and secondly the adjustments which will
be mentioned later can be made a little more perfectly.
Hairsprings are made of tempered steel. '

A balance wheel consists of an inner rim of steel to which
is fused an outer rim of brass. The rim is cut through in
two places near the arms of the balance and there are a
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number of screws which are inserted in the rim. It will
be noticed that four of these screws (at the four quarters)
have shorter heads and are not screwed in as far as the rest.
The reason for this particular and unexpected construction
of a balance wheel will be explained later. The upper
roller is a circular disc which is attached firmly to the bal-
ance staff and carries near its outer margin a jewel pin.
This is usually a ruby or sapphire and is cylindrical in shape

FIG. 68. — HORIZONTAL AND VERTICAL SECTION OF A DOUBLE ROLLER
ESCAPEMENT.
(The Waltham Watch Co.)

except that the outer side has been flattened off and the
sharp corners removed. This roller jewel is either ce-
mented to or inserted in the roller. The lower roller is a
~ circular disc from which a semicircular portion has been cut
away. The roller for carrying the jewel pin is usually of
bronze and the lower roller of steel.

The construction of the individual parts of an escape-
ment has now been considered. It remains to explain how
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the various parts are fitted together and operate to control
the rate of running of a watch. Fig. 68 gives a horizontal
and vertical sectional view of a double roller escapement.
Fig. 69 is useful in explaining the action of an escapement.
In Fig. 69 (4) the balance wheel (not shown), together with
the roller and roller pin, are ]ust commencing their excursion
to the right. The jewel pin is just leaving the fork and for
the rest of the trip the balance and attachments will be
entirely detached from and independent of the lever. For
this reason it is called a detached lever escapement. The
escape wheel 1s firmly

locked and kept from turn- B
ing by the pallet jewel at
N. The balance wheel will
rotate a certain distance
and will finally be brought
to rest by the hairspring,
which is offering ever in-

creasing resistance. The D
balance wheel will then Q O

. commence its return trip.
Eventually the jewel pin
will again enter the fork
and carry the lever over  FIG. ®.—THE LEVER IN TWO
towards the left. The tooth (The Wa o W Cos

of the escape wheel at N

will be released and, as the escape wheel starts to turn, the
face of the tooth will give an impulse to the pallet jewel
which will pass it along to the fork and jewel pin and eventu-
ally the balance wheel. It is these impulses which keep
the balance moving. The lever will now be moved over
until it is stopped by the banking pin and has come into
the position shown at B. The escape wheel has only
turned a little way because another tooth has been caught
at M. The roller jewel now leaves the fork again and goes
on a free excursion to the left, eventually to be stopped by
the hairspring and forced to return. It again enters the
fork, releases a tooth at M, and gets an impulse. The lever
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better. If this is the case, then the watch must be regu-
lated by turning the quarter screws in the rim of the balance
wheel. To turn them out makes a watch go slower. This
can only be done by a jeweler or a very experienced person.

The indicating mechanism consists of the hands and dial
and the under-the-dial mechanism, or motion work. It
will be remembered that the arbors of the center wheel
and the fourth wheel were prolonged through the dial. The
second hand is fitted directly to the arbor of the fourth
wheel and is simply held on by friction. It can be pulled
off and in fact is simply pulled off when a watch movement
is taken down by a jeweler. Over the arbor of the center
wheel which comes to the center of the dial is fitted fric-
tion tight the so-called ‘“cannon pinion.” This is a hollow
tube perhaps remotely resembling a cannon which carries
the minute hand at one end and the teeth of a cogged wheel
at the other. These drive a wheel on a stud to which is
attached another wheel which drives what may be called
a second cannon pinion which is a much shorter tube and
fits friction tight over the first. This carries the hour hand
and these wheels are known as the under-the-dial mecha-
nism. Their purpose is to move the hour hand one twelfth
as fast as the minute hand. These two cannon pinions are
fitted friction tight and not rigidly connected to enable a
watch to be set. Watches were formerly set by means of
a watch key, but now practically all watches are stem-
setting. If a watch is set by means of a key, the cannon
pinion is usually prolonged slightly and has a square end
over which the watch key fits. If a watch is stem-setting,
then before turning the stem it must be pushed in or pulled
out or a lever at the side of the watch must be pulled out or
pushed in. In the first case it is called a pendant-set watch
and in the second case a lever-set watch. In either case
the operation is exactly analogous to the shifting of gears
in an automobile. The wheels connected with the stem
are disconnected from the winding wheels and connected
through an intermediary with the under-the-dial mechanism.

In the case of a stem-winding and stem-setting watch
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the mechanism connected with the stem might almost be
considered a fifth group of parts. It consists, as we have
already seen, of the wheels connected with the stem, two
steel winding wheels, and one intermediary wheel for set-
ting. There must also be a gear-shifting device. The
stem wheels are constantly connected with the winding
wheels so that a watch is always ready to be wound. When
it is to be set these must be disconnected and the inter-
mediary for setting thrown into gear. Since there are
quite a few forms of this mechanism, no one will be illus-
trated.

The materials used. — The four groups of parts into
which a watch movement may be divided have now been
considered in detail. ~Altogether there are between 150 and
200 individual parts in a modern watch. Here each tiny
screw 1s of course counted as a separate part. It may be
interesting as a review to consider the materials of which
these various parts are composed.

¢ Steel is used for all screws; for the mainspring, hairspring,
click spring and all other springs; for all pinions and ar-
bors; for the inner rim of the balance wheel; for the two
winding wheels; for all clicks; and for all levers. Steel is
sometimes used for the mainspring barrel and the lower
roller on the balance staff.
¢  Brass is used for the watch plates or bridges; for the
wheels; and for the outer rim of the balance wheel. Gold
is sometimes used for balance screws; for curb pins; for
the mountings of jewels; and occasionally for some wheels.
Nickel alloy 1s often used for the plates and bridges. Alu-
minum bronze is sometimes used for the wheels; for the
lever; and for the rollers.

Jewels. — The word ‘““jewels” is a magic one in connec-
tion with watch movements. They are probably more
talked about and less understood than any other part. In
the popular mind the number of jewels has become insepa-
rably associated with the accuracy of a watch. In general
it i1s correct, but yet it is not necessarily so. A poorly ad-
justed watch with 21 jewels is much inferior to a 17-jewel
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watch which has been carefully adjusted. Usually the care
expended on the construction of a watch movement is in
rough proportion to the number of jewels, so that they do
serve in a general way as an index of the goodness of a watch.

Historically jewels were first introduced into watches
by Facio (or Facie) in 1700 or a few years later. The num-
ber used has steadily increased. Not so many years ago
no American watch had more than 15, and this was con- -
sidered a fully jewelled watch. At present the largest
number is 23 and the smallest number, in a watch consid-
ered to be jewelled, 1s 7. A watch movement selling for
less than $3 when new or a complete watch selling for
less than $5 usually has no jewels at all. Diamonds,
sapphires, rubies, and garnets are used for the jewels. It is
sometimes said that the cheapest jewels are nothing but
glass. Asone writer puts it: “ Very common watches have
glass, most watches have garnets, and only a very few of the
best ones have rubies and sapphires.”

The purpose of jewels is to lessen the friction and in-
crease the regularity of running of a watch. The arbors or
axles which carry the wheels and pinions or other moving
parts have their ends made somewhat smaller to form
pivots. These may be tapering or simply reduced in size,
thus forming a shoulder. If there were no jewels, then these
pivots would run in holes in the watch plates. So-called
hole jewels are used with these pivots. That is, a small
hole is bored in a ruby or garnet and these jewels are then
set in the watch plates in such positions that the pivots run
in the holes. Formerly jewels were fastened in watch
plates by being burnished in. Now each is placed in a little
round setting of low-carat gold and then is fastened to the
watch plates by means of two tiny screws. The faster
moving pinions often have cap jewels or end stones as
well as hole jewels. This means that a flat plate is placed
over the hole jewel. If a watch i1s lying on its side, the
pivots would go through the holes in the jewels until held by
the shoulder. The end stone prevents this because the
end of the pivot comes in contact with it. In Fig. jor1 1s
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illustrated the arrangement of a hole jewel and end stone.
There are usually three sapphire jewels in the escapement.
These are the two pallet jewels and the roller jewel.

If a watch has 23 jewels, then the going barrel, the
center wheel, the third wheel, the fourth wheel, the escape
wheel, the lever, and the balance have a hole jewel at each
end of each arbor. This makes 14. The balance, the lever,
and the escape wheel have end stones as well. This adds
6 more. Then there are 3 jewels in the escapement. This
makes 23. If a watch movement has 21 jewels, then it is
the hole jewels of the going barrel which have been omitted.
If a watch has 19, then the end stones of the escape wheel
have been omitted also. If there are 17 jewels, then the
end stones of the lever have probably been omitted also.
If a watch has only 7 jewels, these usually consist of the
three escapement jewels, and two hole jewels and two end
stones for the balance arbor.

Jewels are not as expensive as one might expect. The
best and largest jewel for a fine watch would not cost far
from $1 and small cheap jewels only a few cents.

The three adjustments. — Good watches are adjusted
to isochronism, to temperature, and to several positions.
These are only mystic words to the average possessor of a
watch and mean in plain language that the watch movement
has had care expended on its construction. The exact
meaning of these three adjustments will now be considered
in detail.

If a watch has just been wound up the mainspring is
pulling with its greatest force. This is transmitted through
the time train until it is finally communicated to the swing-
ing balance wheel and causes it to turn through a larger arc.
Perhaps, to give an illustration, the balance swings through
13 turns when the watch is just wound up and only one
when nearly run down. There are other things, too, which
may change the arc of swing of the balance. Perhaps
the oil thickens. This would introduce more friction and
thus consume power and reduce the arc. Perhaps a par-
ticle of dirt gets into a bearing and introduces considerable
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friction. Perhaps the watch is put in a colder place. The
mainspring then pulls with greater force and the arc in-
creases. There are a multitude of happenings in the every-
day life history of a watch which may change the force
communicated to the balance and thus its arc of swing.

To adjust a watch to isochronism means to so adjust e
the hairspring that the time of swing of the balance will be
the same whether it swings through a large arc or a small
one. It will be remembered that one end of the hairspring
is fastened to a hub or collet on the balance staff; that
there are some 14 or 16 coils; that the outer coil in a Bréguet
spring is brought up and over the rest; that the last coil
passes between the curb pins of the regulator; and that the
outer end of the hairspring is fastened to a post in the watch
plate or bridge. The hairspring is adjusted to isochronism
by changing the shape of the initial and terminal curves,
that is, its shape is changed near the collet or near the curb
pins. To say that a watch is adjusted to isochronism really
means that the hairspring has been so adjusted that it and
all the swinging parts associated with it oscillate in the
same time regardless of the arc through which the balance
turns. Many pages have been written taking up the form
of the curves which the ends of the hairspring ought theo-
retically to have. In practice watch adjusters do it almost
by instinct.

A change of temperature affects a watch in many ways.
If the temperature rises, the oil becomes thinner and the
friction changes. The wheels and pinions also expand so
that the faces which come in contact with each other are
slightly different and thus the friction is altered. The
mainspring also has less resilience. If, however, a watch
has been perfectly adjusted for isochronism these results of
a temperature change will have no effect on the rate of
running of the watch. But a temperature change also
causes the balance wheel to expand or contract and changes
the resilience of the hairspring and these results will pro-
foundly influence the rate of running. For this reason all
the good modern watches have the so-called compensated
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balances. It will be remembered that the balance consists
of an inner rim of steel and an outer rim of brass welded
together; that the rim is cut through in two places; and that
there are many screws in the rim with provision for changing
their location. If the temperature rises, the balance ex-
pands, but the brass rim expands more than the steel and
thus the tips of the free segments curl in. If the balance

o has been correctly compensated, this curling in counteracts
the expansion of the balance and the changes in the hair-
spring and the time of the swing remains the same. This
is tested by placing a watch movement in cold and then in
heat. If it runs more slowly in heat it is undercompen-
sated and a pair of screws must be moved nearer the tips
of the free segments. A watch is thus adjusted to tempera-
ture by changing the position of the screws in the rim of
the balance wheel.

It has been assumed in the present chapter that a

® watch always has a bimetallic balance wheel composed of
steel and brass. This is true of practically all American
factory-made watches. In the case of European watches of
precision a “Guillaume” balance is generally used. Here
an alloy of nickel and steel has replaced the steel and the
temperature compensation is a little more exact. In very
recent times in a few of the finest watches a solid, uncut,
integral balance wheel is used which is composed of an alloy
recently discovered by Ch.-Ed. Guillaume of Paris, which
changes extremely little with temperature changes. More
will be said about this in Chapter XIV on ““The History and
Construction of the Individual Parts of Watches.”

A watch is also adjusted to position. This means that
the rate of running must be the same in many positions.
A good watch is usually adjusted to five positions. These
are flat with dial up, flat with dial down, on edge stem up,
on edge stem to right, on edge stem to left. These posi-
tions are shown in Fig. 71. One watch factory adjusts its
best watches to six positions; the sixth being on edge,
stem down. Sometimes good watches are adjusted to only
three positions. If a watch is on edge the pivots are running
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on one side of each hole jewel. If it is flat then all the

weight of the wheel, pinion, and arbor comes on one jewel.

The friction will be quite different in these two cases, but

if the isochronism adjustment has

been well made there ought to be

no change in the rate of running

of the watch. This would seem to

be the correct theoretical con-

clusion, yet many practical watch

adjusters affirm that the faults in

the train and other parts of the

movement besides the balance will

cause position errors. 1he balance

wheel may, however, not be per-

fectly poised. This means that

the center of mass may not coin-

cide with the center of ﬁgure If FIG. 71. — THE rIVE POSITIONS

this is true, then position will de- IN WHICH A WATCH IS
ADJUSTED.

cidedly affect the rate of running. ", "c o con

To be sure, balances are all care-

fully poised before they are put into watches, but they are

poised before the collet and hairspring are attached, and

this may destroy the poise. Adjustments to position are

made by turning (one in, the other out) a pair of opposite

screws in the rim of the balance wheel.

A magnificent watch. — This chapter may well end with a
description of the most expensive watch made in the United
States. It is the ‘“Premier Maximus Certificate Watch,”
made by the Waltham Watch Co., of Waltham, Mass., and
selling for $750. It is by far the most expensive watch
made entirely in this country.! Next to it come watches
priced at something less than $300. The price includes an
ordinary solid gold case as well as the movement. Of course
by ornamenting the case and decorating it with jewels the
cost of a watch (case and movement) may be carried to

1 Until quite recently the E. Howard Watch Works at Waltham, Mass., did
the same thing and very lately (1922) the Elgin National Watch Company at
Elgin, Ill., has put out a similar watch.
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almost any figure. It is 16-size and the claim is made by
the maker that it is the equal, if not the superior, of any
watch made in the world. The technical description, taken
from the advertising literature, will illustrate many points
in this chapter. It is pictured in Fig. 72.

DESCRIPTION

Twenty-three Diamond, Fine Ruby and Sapphire Jewels; Three

Pairs Diamond Caps, Raised Gold Settings; Balance, Pallet and

Escape Pivots running on

Diamonds; Jeweled Main-

wheel Bearings; Red Gold

Caps on Pallet, Escape and

Fourth Bridges; Accurately

Adjusted to Temperature,

Isochronism, and Five Posi-

tions, and carefully timed in

its case at the factory; Com-

pensating Balance, Mean-

time Screws; Patent Bréguet

Hairspring Hardened and

Tempered in Form; Patent

Detachable Balance Staff;

Bronze Train; Double Roller

Escapement; Sapphire Jewel

Pin permanently driven into

the roller; Recessed Steel

Escape Wheel with Gold

Hub; Exposed Red Ruby

FIG. 72.—THE FINEST WATCH MADE Pyllers; Tempered Steel

IN AMERICA. .

(The Waltham Watch Co.) Safety Barrel; Patent Micro-

metric Regulator; Steel Parts

Highly Finished with Rounded Polished Corners; Patent Winding

" Indicator showing on the dial the number of hours, up to twenty-

four, the watch has run since last winding; Fine Glass Hand-
Painted Dial of the most modern and artistic design.



CHAPTER IX

THE HISTORY OF SPRING-DRIVEN CLOCKS AND CLOCK-WATCHES
FROM 1500 TO 1658

The invention of the mainspring is usually ascribed to
Peter Henlein, a locksmith of Niirnberg, who was born
about 1480 and died in 1542. The name is variously given
by different writers as Heinlein, Henle, or Hele, but in the
list of Niirnberg locksmiths the spelling is Henlein. In
1500 or a few years later he used a long, tightly coiled rib-
bon of steel as the driving power instead of the weight
which had always been used up to this time. Biirgel in his
Astronomy for All quotes these comments which appeared
in the Cosmographia Pomponii Melae, published in Niirnberg
in 1511. “Every day finer things are being mvented
Peter Hele, still a young man, has constructed a piece of
work which excites the admiration of the most learned
mathematicians. He shapes many-wheeled watches out of
small bits of iron, which run without weights for forty
hours, however they may be carried, in pocket or chemi-
sette.” This marks a decided epoch in the history of clock-
making. The weight-driven clocks were not portable, but
the spring-driven ones were and these new curiosities im-
mediately appealed to the very wealthy. There are but
very few specimens in existence of these new clocks, or
clock-watches as we shall call them.

The early clock-watches were probably cylindrical
boxes, that is drum-shaped, and several inches in diameter.
The dial was of brass, chased or engraved, usually heavily
gilt, and there was only one hand. It might perhaps be
mentioned in passing that the difference between chasing
and engraving is this: If an object is chased, then the
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FI1G. 74.—AN EARLY
CLOCK-WATCH, BY
CHARLES CUSIN, OF AU-

FIG. 73. — AN EARLY UNNAMED CLOCK- WATCH, TUN, DATE ABOUT 1575.

FROM THE SOLTYROFF (OLLECTION. (From Dusors. Collection Archs-
(From DuBois, Collection Archéolocique du Prince Pierrs ologiqus.)
Soléykofi.)
14
-

¥1G. 75 — AN EARLY CLOCK-WATCH, FIG. 76.— A CLOCK-WATCH MADE BY
FROM THE SOLTYKOFF COLLEC- HANS GRUBER, OF NURNBERG AND
DATED 1560.

TION.
(From Dusots, Collection Archéologique.) (South Kensington Museum, London.)

S ———
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pattern has been made by rubbing, pounding, or pressing
either from the front or under side. If it is engraved, then
the material has been cut away to form the pattern. The
cover was of brass deeply engraved and usually pierced so as
to show the hour marks and hand underneath. Thus the
time could be determined without opening the case. These
cases were usually hinged, although sometimes they were
pressed or snapped on. The works were of iron or steel.
No screws were used and the parts of the movement were
held together by pins and wedges. The driving mechanism,
as has been said, was a long ribbon of steel, in other words,
a mainspring. The controlling mechanism was the foliot
balance, the verge, and crown wheel. This was the con-
trolling mechanism in all timekeepers until 1658. As the
years passed brass was occasionally used for the wheels and
plates and screws made their appearance not long after 1550.

Seven of these early clock-watches are illustrated in
- Figs. 73 to 79. The one illustrated in Fig. 73 was in the
Soltykoff collection. (See Appendix III for museums and
collections.) It is unnamed, but doubtless of German
origin, perhaps made in Niirnberg. It dates from the first
half of the sixteenth century. It is both a striking and
alarm watch. It has a brass gilt case, with twenty-four
openings in the cover for determining the position of the
hand when the case is closed. There are also knobs at
the hours for telling the time by feeling at night.

The clock-watch pictured in Fig. 74 was also in the
Soltykoff collection. It is a striking watch with a silver
hour circle and a blued steel hand. It is by Charles Cusin,
who was born at Autun in Burgundy and later settled in
Geneva. It dates from about 1575.

The clock-watch plctured in Fig. 75 was also in the
Soltykoff collection. It is an early sixteenth-century pro-
duction and has a cover somewhat different from that or-
dinarily used. It is unnamed.

The clock-watch pictured in Fig. 76 is in the South
Kensington Museum in London. It was made by Hans
Gruber of Niirnberg in 1560. This skillful maker was
master of the locksmiths’ guild in 1552 and died in 1597.
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The movement pictured in Fig. 8o is from the clock-
watch illustrated in Fig. 75. It will also be noticed that
the foliot balance consisted of a bar with two discs at either
end. It had not yet become a balance wheel.

The next device for equalizing the pull of the mainspring
was the fusee. This was invented by Jacob Zech of Prague
in 1525. It is pictured in Fig. 81 and consists of a cone-
shaped pulley & upon which is wound a cat-gut cord c.

The other end of

the cord is wound

around the outside

of the barrel a4

which contains the

mainspring. One

end of the main-

FIG. 81. — THE FUSkE. spring is fastened to

a fixed central ar-

bor, while the other end is fastened to the inside of the barrel

which rides free on its arbor. The main driving wheel is

attached to the fusee and the timekeeper 1s wound by turning

the fusee and this winds the cord on to the fusee and off of

the barrel. As the timepiece runs, the spring turns the barrel,

winding the cord on it and thus causing the fusee to rotate.

The fusee equalizes the pull of the mainspring by being

conical. When the mainspring is pulling hardest the cord

is on the smallest part of the fusee and thus pulling with the

smallest leverage. By shaping the fusee to suit the main-

spring, its pull can be made uniform. This was a great

improvement and was widely used. At present it is still

used in all chronometers, in many of the best spring-driven

clocks, and in a few foreign-made watches. In the modern

pocket watch the fusee is unnecessary because the hair-

spring has been adjusted to isochronism and furthermore a

long spring is used so that only the first three fifths of its

expansion is ever used. In the early clock-watches the cat-

gut cord was always used. Gruet, a Swiss, introduced chains

instead of cat-gut in 1664 and a flexible chain is always used
at present.
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The evolution of the early clock-watch. — As the years
passed, the original clock-watches developed along two en-
tirely different lines. On the one hand they became smaller,
then oval in form, then very ornate and of many shapes,
and finally about 1600 they became the pocket watch.
(See Chapter XIII.) On the other hand, they became
larger and square or hexagonal in form. Later they were
quite high and very elaborate. In other words, they be-
came the elaborate, intricate, spring-driven table clocks
which, particularly in Germany, had their period of greatest
development about 1600 or a little later. Both of these
lines of development deserve a more detailed treatment.

The table clock. — The designation table clock is or-
dinarily used for these clocks. It signifies that a table was
the customary and more usual location. These table
clocks could have been placed on a mantel, on a shelf, or
on a pedestal and thus called mantel clocks, or shelf clocks,
or pedestal clocks. There are also many other kinds of
clocks which could be placed on a table. Similar ambigu-
ities are always possible with such designations as shelf
clock, bracket clock, mantel clock, pedestal clock, wall
clock, and the like. Table clock is, however, the more
usual designation for these clocks and the term is ordinarily
reserved for this kind of clock only. It will be so used and
only so used in this book.

The first table clocks probably differed but little from
the earliest clock-watches — that is, they were cylindrical
boxes, only somewhat larger. Then they became square or
hexagonal and small feet were perhaps added. Then they
grew in height and became more elaborate, until finally
they became the very intricate table clocks. Still later
the elaborate ornamentation of the case became almost
grotesque. Eight of these table clocks are pictured in
Figs. 82 to 89.

The first one (shown in Fig. 82) was in the collection of
Prince Soltykoff and the illustration is taken from Dubois’
magnificently illustrated book: Collection archéologique du
Prince Pierre Soltykoff. The case is square and the sides
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one was in the Soltykoff collection. The first one (Fig. go)-

is a sixteenth-century production in a richly engraved and
pierced case, 2} inches in diameter. It is a striking watch
and the border is pierced to allow the escape of the sound
from the bell. The second (Fig. 91) is a German production
in an octagonal case 2} by 1§ inches. The lid is of rock
crystal. It has a silver dial with a gilt metal numeral ring.
The third (Fig. 92) is the work of N. Gaillaird of Lyons and
dates from about 1590. The fourth (Fig. 93) is the work
of Pierre Combet of Lyons and is of about the same date.
A cruciform watch by this maker is in the Morgan collec-
tion in New York and there is a watch by him in a shell-
shaped case in the South Kensington Museum in London.

Although these shapes were better for a pocket watch,
still they were too large and as a matter of fact were never
carried in the pocket.

Somewhat later comes the strong desire for watches of
unusual and artistic form. Thus before 1600 we find
watches having the form of books, animals, fruit, stars,
flowers, insects, padlocks, crosses, and cockle-shells. A few
simulated a skull, the so-called death’s head watches.
Gold, silver, and rock crystal were now used even more than
brass, and the cases were often set with precious stones.
These watches were fastened to the clothing or suspended
from a chain around the neck. They were never carried
in the pocket. These watches of unusual form were often
called toy watches and continued to be made until 1800 or
even later.

Six of these are illustrated in Figs. 94 to 99. The first
four are in the J. Pierpont Morgan collection in the Metro-
politan Museum of Art in New York City. The last two
were in the Soltykoff collection. The first (Fig. 94) is the
work of Nicolas Bernard of Paris and is 1} by 1} inches.
The case is of rock crystal and it dates from about 15g0.
There are two watches bearing the same name in the South
Kensington Museum in London. The second (Fig. 95) is
the work of Conrad Kreizer of Strasbourg and is so signed
on the movement. At the end of each bar there is a Mal-
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tese cross of black and blue enamel. The third (Fig. 96)
is the work of Charles Cusin of Autun and is 14 by 1}
inches. The case is of rock crystal and the dial of silver on
a face of polished yellow metal. The fourth (Fig. 97) is
the work of Isaac Penard of Blois. The lower jaw of the
skull opens and reveals the dial. It is 14 by 134 inches
and dates from about 1630. The fifth (Fig. 98) is the
work of Rugend of Auch and dates from just after 1600.
The dial is of silver. The sixth (Fig. 99) is in the shape of
a pear and the work of Conrad Kreizer (Dubois says:
Kreitzer Conrat) of Strasbourg. It dates from just before
1600. There is also an octagonal watch by him in the
South Kensington Museum, London, and a watch in the
form of a cross in the Vienna Treasury.

Just before 1600 a very few small many-sided or circular
watches made their appearance. These were more suit-
able for the pocket, but it was not the fashion to carry them
there and furthermore there was usually a projection on
the case opposite the stem. The true pocket watch made
its appearance about 1600 or a little later, and in a later
chapter the history of pocket watches from 1600 to 1800
will be taken up. .

The cities famous for clockmakers. — The various
countries where these spring-driven timekeepers were made
in large numbers during this period should be briefly con-
sidered. As was noted at the very beginning of this chap-
ter, the spring-driven timekeeper originated in Niirnberg in
1500. The knowledge of it soon spread to other parts of
Germany, and many German cities became famous for their
clockmakers. This is particularly true of Niirnberg and
Augsburg. The knowledge also spread to France, to Swit-
zerland, and the Netherlands. In France, Blois and Rouen
were the two chief centers. The knowledge also came to
England, but here comparatively few spring-driven time-
keepers, particularly clocks, were made during this period.
The favorite clock was of the weight-driven lantern or bird
cage form.

Some spring-driven timekeepers were, however, made in



Digitized by GOOg[Q



Spring-driven Clock-watches, 1500-1658 139

England, chiefly in London, during this period. Six of
these are shown in Figs. 100 to 105.

In Fig. 100 1s pictured a fine brass striking table clock
by Bartholomew Newsam. It is 2§ inches wide and 6}
inches high. The case is of brass, engraved and gilded.
There is but one hand. The wheels are of steel or iron.
There are fusees connected with the brass barrels by cat-gut.
There are no screws and the escapement consists of balance,
verge, and crown wheel. This clock is now in the British
Museum and is inscribed ‘“Bartilmewe Newsum.” New-
sam was probably a Yorkshire man who later came to
London and lived in the Strand near Somerset House. He
was clockmaker to Queen Elizabeth and died in 1593.

A table clock and a watch by Newsam also form part of
the J. Pierpont Morgan collection in the Metropolitan
Museum of Art in New York City and they are illustrated
in Figs. 101 and 102. The dome of the clock is pierced to
reveal the bell. The dial at the top is of silver and 1} inches
in diameter. The circumference of the clock is 10 inches.
The sides are engraved with classical heads separated by
foliage. The watch is signed B. N. on the movement and
is in a silver twelve-sided case. The dial is of gilt metal
with silver numeral ring.

In Fig. 103 is pictured a fine striking watch in a gilt
metal case which is signed on the movement ‘“Michael
Nouwen, London” and dates from 1590. It is engraved
and pierced on the front, back, and sides. On the dial is
engraved a figure of Plenty among foliage. It is 1% inches
in diameter. It has a stackfreed and a straight bar balance
and no screws have been used in its construction. This
watch is also in the Morgan collection. There is also a
watch by him in an octagonal case of crystal in the British
Museum in London and an oval watch in the Ashmolean
Museum at Oxford, England.

In Fig. 104 is illustrated a fine oval watch by Crayle.
It is inscribed ““Richard Crayle Londini fecit” and is not
later than 1610. Richard Crayle was one who signed the
petition for the incorporation of the clockmakers’ company.
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This watch is in the Metropolitan Museum of Art in New
York, loaned by Maurice M. Sternberger. There is also a
small oval watch by Crayle in the South Kensington Mu-
seum, London.

Fig. 105 illustrates a fine oval watch by Edward East.
It is signed on the movement ‘“Edwardus East, Londini,”
and dates from about the middle of the seventeenth cen-
tury. It has a gilt metal case pierced and engraved in
floral designs. This watch is a part of the Morgan collection.
East was a well-known maker and there are quite a few
watches and clocks by him in existence.

It must not of course be assumed that these four men,
Newsam, Nouwen, Crayle, and East, produced all the
spring-driven timekeepers which were made in England be-
fore 1658. If all the museums, collections, and records
were searched, the names of perhaps fifty makers would be
found.

One thing is particularly noticeable all through this
period. A timekeeper was esteemed primarily on account
of its exterior ornamentation or unusual form or on account
of its intricate and curious mechanism. Accuracy in keep-
ing time was always of very minor importance.



CHAPTER X

THE HISTORY OF PENDULUM CLOCKS FROM 1658 TO 1800

The invention of the pendulum. — This period begins
with a great invention, one destined to almost revolutionize
the construction and accuracy of clocks. It was in 1658 or
a lictle later that the pendulum was first used in clocks as
a part of the controlling mechanism. As is the case with
many of the great discoveries, it is impossible to name any
one person as the undisputed inventor. The various
claimants for the honor are Jost Biirgi, Richard Harris,
Vincenzio Galilei, Robert Hooke, Ahasuerus Fromanteel,
and Christian Huygens.

In 1612 or thereabouts, Jost Biirgi (Burgi, Burgk,
De Burgi, or Burgius) of Prague constructed a clock pro-
vided with a pendulum which is now in the Vienna Treasury.
He was born in 1552, in Lichtensteig in Switzerland, died
in 1632, and was appointed clockmaker to Rudolph II in
1602. This clock strikes the hours and quarters and shows
the day of the week and the phases of the moon. In con-
sidering his claim it must be said in the first place that it
is extremely difficult to prove that a clock has not been
rebuilt or remodeled since it was originally constructed.
New works were often placed in old cases. A clock move-
ment when much worn was often reconstructed and new
ideas and improvements added without changing the name
or date on the movement. Again, even if it could be
proved that this clock was constructed in 1612 in its present
form, it would be only an isolated example, as nothing came
of the invention.

Richard Harris is said to have constructed a turret
clock with a pendulum for the church of St. Paul’s, Covent
Garden, in 1641. This church has since been burned. In
the vestry-room of the church was an engraved plate af-

142
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fixed by Thomas Grignon a little before 1800 which runs in
part as follows: “The clock fixed in the turret of the said
church was the first long pendulum clock in Europe, in-
vented and made by Richard Harris of London, A.p. 1641,
although the honor of the invention was assumed by Vin-
cenzio Galilei, A.p. 1649, and also by Huyghens in 1657.”
It would seem that there was a controversy even then as to
who invented the pendulum. Even if he did use the pen-
dulum it is again an isolated case and nothing came of it.

As early as 1583 Galileo Galilei had already studied the
isochronism of swinging bodies. In 1641 he, when blind,
explained to his son Vincenzio (or Vincenzo) and Viviani
how a pendulum could be used to control clockwork. In
1649 Vincenzio with others began to carry out this idea of
Galileo. He died in 1649, probably before he had finished
his experiments. At any rate nothing came of it.

Robert Hooke was born at Freshwater, Isle of anht, in
1635 and died in 1703. He was a teacher, an inventive
genius, and a thinker and writer on most of the scientific
questions of his day. We will see a little later that several
important inventions are due to him. He probably: was
working with pendulums at the same time as Christian
Huygens.

Ahasuerus Fromanteel (Fromantel, Fromantil, Formantil,
or Fromenteele) was of Dutch extraction and lived in
England. He is supposed to have been a personal friend of
Huygens and to have introduced the pendulum into England.
He was a famous clockmaker and several examples of his
work are in existence at present.

If the honor of introducing the pendulum into clock
mechanism is to be given to any one man, more agree upon
giving that distinction to Christian Huygens than to any
one else. This great mathematician and scientist was
born in Holland in 1629. His birth place seems to have
been Zulichem, and this is often used for him almost as a
second family name. He produced his first pendulum
clock in 1657. In 1665 he was invited to Paris by Louis XIV
to found a Royal Academy of Sciences. He returned to
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Holland in 1681 and died there in 1695. At Paris in 1673
was published his work: “Christiani Hugenii Zulichemii,
Constantini filii, Horologium oscillatorium, sive de motu
pendulorum ad horologia adaptato demonstrationes geo-
metricae.”” This contains drawings and a description of his
clock. Evelyn in his diary under date of April 1, 1661,
writes: “Dined with that great mathematician and virtuoso,
Mr. Zulichem, inventor of the pendule clock.” On May 8,
1661, he writes: “I returned by Fromantel’s, ye famous
clockmaker, to see some pendules, Mr. Zulichem being with
us.” The Commonwealth Mercury, of Thursday, Novem-
ber 25, 1668, contains this advertisement:

There is lately a way found out for making clocks that go
exact and keep equaller time than any now made without this
regulator (examined and proved before his Highness the Lord
Protector by such doctors whose knowledge and learning is with-
out exception), and are not subject to alter by change of weather,
as others are, and may be made to go a week, or a month, or a
year, with once winding up, as well as those that are wound up
every day, and keep time as well; and is very excellent for all
house clocks that go either with springs or weights; and also
steeple-clocks, that are most subject to differ by change of weather.
Made by Ahasuerus Fromanteel, who made the first that were
in England. You may have them at his house, on the Bankside,
in Mapes Alley, Southwark, and at the sign of the ‘“Maremaid,”
in Lothbury, near Bartholomew Lane end, London.

Thus, whatever we may believe as to who first invented
and used the pendulum, these two important practical
facts seem to be true. It was Huygens who first brought the
pendulum into prominence and it was his personal friend
Fromanteel who introduced it into England.

The introduction of the pendulum. — The tremendous
advantage of the pendulum as part of the controlling
mechanism of a clock was at once apparent. The time-
keeping accuracy was very much increased, in fact, so much
increased that the pendulum was xmmedlately applied to all
clocks. And worse than this (from our point of view)
many old clocks were rebuilt so as to use a pendulum. It
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is this rebuilding of old clocks which makes it so hard to be
sure of their original form or date. It will be remembered
that there were four kiads of clocks in 1658 when the pen-
dulum was introduced. There were: 1st, the large, some-
times intricate, weight-driven tower clocks; 2d, the large,
intricate, weight-driven clocks which were placed inside
cathedrals and public buildings; 3d, the small, brass, weight-
driven bird cage or lantern clocks which were in common
domestic use, particularly in England; 4th, the spring-
driven, often intricate, table clocks which were invented in
Germany and had their chief development there. To all
of these the pendulum was at once applied. From now on
during this period a clock will be considered a pendulum-
controlled timekeeper. A balance-controlled timekeeper
will be considered a watch or a clock-watch. It will be
entirely immaterial whether the timekeeper is weight-
driven or spring-driven. It is also interesting to note that
in the French language the word for clock now began to be
“pendule.” The former word “horloge” began to become
obsolete, at least for the domestic clock.

Changes in the controlling mechanism. — The introduc-
tion of the pendulum made necessary certain minor changes
in the controlling mechanism of clocks. Up to this time
all timekeepers, whether large turret clocks or the most
diminutive watch, had exactly the same controlling mech-
anism.. It was that pictured and described on page 83.
It consisted of crown wheel, verge, and foliot balance.
The crown wheel was now turned so that it rotated in a
horizontal instead of a vertical plane. The verge became
horizontal and the pendulum was attached to one end of
the rod. It is thus evident that it was not a difficult task
to reconstruct an old timekeeper so as to make it a pendulum
clock. With the crown wheel and verge escapement the
pendulum was usually light and not very long and its arc
of swing was large. Fig. 106, which illustrates Huygens’
clock, shows the new arrangement.

Other inventions and improvements were also made
near the beginning of this period which were destined to
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as he was often called, was born in 1673, died in 1751, and
is buried in Westminster Abbey. Further details about his
life will be given later. This dead-beat form differs but
little from the recoil form. In the recoil anchor escapement,
after a tooth of the escape wheel passes and one on the other
side 1s caught by the horn of the anchor, the escape wheel
is forced to move backwards slightly or recoil, as the pendu-
lum moves on to the end of its swing. In the dead-beat
form, the escape wheel is still or ““dead” during this part
of the swing. For ordinary clocks the recoil form is prob-
ably as good as the other, but for fine accurate clocks
the dead-beat form is without doubt the best. One can
easily tell by watching the motion of an escape wheel which
kind a clock has. Do not expect to see, however, a large
amount of backward motion or recoil on the part of any
escape wheel in any modern clock. The difference in the
two forms lies in the shape of the horns of the anchor and
the teeth of the escape wheel.

As clocks became more accurate, the effect of changes of
temperature on the rate of running became more apparent
and from becoming apparent they became troublesome.
The first invention to obviate the difficulty was the mercury
compensation pendulum introduced by George Graham in
1721. It consisted of a vessel of mercury used instead of
a pendulum bob. By making the quantity just right, it
was possible to offset the expansion or contraction of the
pendulum rod by that of the mercury. In 1726 the grid-
iron pendulum was invented by John Harrison. It may
be that the honor of this too should go to George Graham
instead of to Harrison. It consisted of nine bars of steel
and brass so framed together that the temperature effect
on one metal would be offset by that on the other.

The use of the vertical plates one at the front and one
at the back for holding the clock movement also became
common at this time. Formerly pillars had been more
often used for holding the various parts of the mecha-
nism.

Up to this time clocks were seldom constructed to run



148 Time and Timekeepers

more than one day (30 hours). Now clocks were often
made to run a week, a month, or even a year.

1t will be seen that from 1360 when the first unquestioned
mechanical clock was produced by DeVick until 1658
there were practically no changes or improvements in
clock mechanism. In less than one century following 1658
all these radical improvements were introduced and the
clock became practically the clock of to-day. The last 150
years have seen only minor changes, constantly improved
workmanship, and a steady increase in the timekeeping
accuracy. All this applies of course only to pendulum-
controlled clocks, which are the only ones treated in this
chapter.

Clock cases. — We must now turn our attention from
the mechanism of clocks to their cases. We shall find a
great variety of cases during this period and the country
will play a large part in determining how the clock mech-
anism was housed. Some kinds of cases will be much liked
in one country and hardly used at all in others. Methods
of ornamentation will be very different in different countries,
for here ‘““taste” and “style” played a large part. In
general the style of ornamentation followed somewhat the
style of furniture during the period, although designers and
makers of furniture had extremely little to do with clocks.
It will thus be necessary to consider the various countries
separately.

English clocks. — In 1658 the clock used by the well-
to-do householder who could own one was the brass bird-
cage or lantern clock. This was the domestic clock of
England at the time. There were of course some spring-
driven table clocks which had been made in England or
brought from Germany where this form originated and
had its greatest development. They were, however, few in
number and in the possession of the very rich. As soon
as the pendulum was introduced 1t was applied at once
to the bird-cage clock. Then some one conceived the happy
idea of inclosing the pendulum and weights in a large wooden
box or case which might stand upon the floor. This would
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was first covered over with a wooden hood and later came
the addition of the rest of the case. However this may be,
the total transition took a very short time and the hood
clock was never popular.

The first cases for grandfather clocks were of painted
pine or oak, but the desire for ornamentation led at once to
veneering with walnut, ebony, and other woods, and also
to the use of carving, panels, and inlay work. Elaborate
inlay work in patterns is called marqueterie or marquetry.
The Dutch probably excelled in inlaying at this time, so
that many of the first marquetry cases may have been im-
ported from Holland. Later, about 1710, lacquer work
made its appearance, and here again the Dutch may have
excelled at the start. Finally (after 1750) mahogany became
and has continued to be the favored wood. In Figs. 108
to 115 inclusive are pictured eight English grandfather
clocks. Some of them are by well-known makers and they
were chosen to illustrate type forms. They illustrate veneer-
ing, paneling, inlay work, marquetry, lacquer work, and
the use of mahogany.

The first (Fig. 108) is in the South Kensington Museum
in London and was made by Henry Simcock, of Daintree.
The case is of pine painted black and the date is 1714. It
1s 6 feet 10 inches high, 1 foot 9 inches wide, and 11} inches
deep. It has corkscrew pillars and but one hand.

The second (Fig. 109) is also in the South Kensmgton
Museum. The case i1s decorated with marquetry of vari-
ous woods. It has corkscrew pillars, two hands, and is a
late seventeenth-century or early eighteenth-century pro-
duction.

The third (Fig. 110) is in the possession of the Rev. Dr.
Cranage of Cambndge. It has a handsome marquetry
case, two hands, and black corkscrew pillars.

The fourth (Fig. 111) is in the Metropolitan Museum of
Art in New York City. It is in a plain ebony case and
made by the famous Thomas Tompion (1639-1713). Al-
though an early eighteenth-century clock, it already has the
semicircle at the top of the dial.
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The fifth (Fig. 112) is in the South Kensington Museum.
It was made by Daniel Torin, London, in 1761, and the case
is in green and gold lacquer. It is 7 feet 7 inches high, 1 foot
7% inches wide, and 9§ inches deep.

The sixth (Fig. 113) i1s in the Metropolitan Museum of
Art. The case i1s of mahogany, inlaid with satin wood.
It was made by John Whitehurst (1713-1786) of Derby.

r -

FIG. 111. — AN ENGLISH FIG. 112. — AN ENGLISH FIG. 113.— A GRAND-
GRANDFATHER CLOCK, GRANDFATHER CLOCK, FATHER CLOCK, BY JOHN
BY THOMAS TOMPION. BY DANIEL TORIN. WHITEHURST, OF DERBY.

The seventh (Fig. 114) is in the South Kensington
Museum. The case is of carved mahogany and it is signed
“Barker, Wigan.” It dates from about 1780. It is
7 feet 9} inches high, 1 foot 9} inches wide, and 10} inches
deep.

The eighth (Fig. 115) is also in the same museum.
The case is of mahogany, inlaid with satin wood. The dial
is painted. It was made by Edward Shepley of Manchester
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and dates from about 1790. It is 7 feet 63 inches high,
2 feet 2 inches wide, and 11 inches deep.

At first the hood or top of the case was rectangular in
shape; then spires and ornaments were added; and finally
the broken arch became common. In the early clocks
twisted or corkscrew pillars were much used. The dials
were at first about ten inches square and later became a
little larger. They were of brass and often decorated with
engraving. Later the semicircle at the top was added.
This contained just a picture, or the seconds dial, or the
name of the maker, or the moon phases, or the “strike-
silent” dial. Much attention was given to the brasswork
corners on the face just outside the hour circle, the spandrels,
as they were called. These were of brass, pierced, and well
made. The cherub’s head was a much-liked design. Very
late in the period, enameled dials were used or for a few
clocks even painted dials. So well marked are these tran-
sitions that the expert who studies the size and form of the
hands, the size and workmanship on the dial, the spandrel
corners, the form and decoration of the hood, and the ma-
terial of the case, can form a fairly close estimate as to the
age of the clock. By again noticing the eight illustrations
(Figs. 108-115) and considering the date of each clock, many
of these points will become clear. It must always be re-
membered of course that an old style always persists long
after a new style has appeared. This makes one’s estimate
of age too great, never too small. Thus, as an example,
take the clock illustrated in Fig. 110. The case has mar-
quetry inlay in panels. The dial is square and the spandrels
are cherub heads. The hood has black corkscrew pillars.
But the minute hand is present. This clock might be as
old as 1680; 1700 would perhaps be the best estimate; one
would hardly expect it to date later than 1720.

But grandfather clocks were not the only form of or-
dinary domestic clocks made in England during this period.
The table clock had a parallel development. This might
just as well be called a bracket clock, or a mantel clock,
since being spring-driven and portable i1t might be placed
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in any of these positions. Three splendid examples are
illustrated in Figs. 116-118. It will be noticed that in
general they follow the styles in grandfather clocks.

The first (Fig. 116) is in the South Kensington Museum,
lent by Lieut.-Colonel G. B. Croft Lyons. The case is of

walnut. It was made by the famous John Fromanteel of

FIG. 119. — AN INN CLOCK.
FIG. 118. — AN ENGLISH TABLE CLOCK, BY (From CEscINSkY AND WEBSTER, Eng-
JAMES CHATER. lish Domestic Clocks.)

“Ye Mermaid,” Lothbury, London, and thus dates from
the last part of the seventeenth century.

The second (Fig. 117) is by George Graham. The
photograph was furnished by Mr. Malcolm Webster. It is
an eight-day striking and repeating clock in an oak case
veneered with ebony. It is 16 inches high (not including
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handle), 9% inches wide, and 5} inches deep. It dates
from about 1720. The two small dials are an ‘‘up-and-
down” and a “strike-silent”’ dial, respectively.

The third (Fig. 118) is in a red lacquer case. The
photograph was also furnished by Mr. Malcolm Webster.
It was made by James Chater of London, who joined the
C. C.in 1727. It is a musical clock, playing five different
tunes.

Just before the end of this period the Inn clock or ““Act
of Parliament” clock made its appearance. It is often said
that Pitt’s tax of five shillings on each clock per annum,
which was levied in 1797, caused domestic clocks to fall out
of use and the inn clocks to appear immediately. It is
more likely simply a form of clock much used in inns at this
time. These clocks were usually plain and hung on the
wall. Sometimes they were lacquered and even decorated
in gold. There was usually no glass covering over the dial.
One of these is illustrated in Fig. 119. This one is in a
lacquer case and was made by Matthew Hill of Devonshire
Street. It dates from the last of the eighteenth century.

French clocks. — In France the introduction of the
pendulum also produced the grandfather clock, but its out-
ward appearance, due to the prevailing fashion in decora-
tion, was quite different. Ormolu mounts and Boulle
work were the two common forms of ornamentation.
Ormolu (from the French, ““or moulu,” ground gold) mounts
consist of brass ornaments, usually well gilt, which are fas-
tened to the case. Boulle work is named after Charles
André Boulle (1642-1732), who was a master inlayer and
decorator. It is an inlay of metal, usually white metal or
brass, and tortoise shell. The shell was often colored or
stained with various colors. Boulle work in English is
sometimes spoken of as Buhl.

Two of these clocks are illustrated in Figs. 120 and 121.
They are both in the Conservatoire des Arts et Métiers at
Paris. The first (Fig. 120) i1s by Lepaute, who was born in
1709 and was later appointed “clockmaker to the king.”
The second (Fig. 121) is a striking clock of about the same
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date. They both belong to the Louis XV period. Their

outstanding characteristics as compared with English grand-
father clocks are the ormolu mounts, the bulging center
of the case, and the lack of straight lines in general. It
must not be supposed, however, that all French grand-
father clocks are as elaborate as those illustrated. In
private families, particularly in small cities and villages,
one often finds grandfather clocks which are claimed to be
much more than a century old. They are usually in plain
wooden cases and sometimes they have been painted.
They practically always have, however, the typical
bulge in the center. Occasionally one finds a very tall
straight case. The height is often about nine feet and the
wood is dark and sometimes carved. One suspects here
. foreign influence, particularly that of the Black Forest
region.

The true pedestal clock was also a favorite in France.
In fact there are really three forms of the pedestal clock.
In the first place the pedestal and clock may be so intimately
joined together that they seem one piece and resemble
quite a little the grandfather clock. In the second place
the clock may simply stand on a pedestal, but the pedestal
is necessary and these clocks are sometimes called true
pedestal clocks. The pedestal is necessary because the pen-
dulum is so long that it extends into the pedestal and, if
the clock is weight-driven, the weights do the same. Thirdly
the clock may simply stand on a pedestal. The pedestal is
unnecessary and these clocks might be used as table, bracket,
or mantel clocks. In Figs. 122 to 125 four of these pedestal
clocks are illustrated. The first and second belong to the
first category, the next one is a true pedestal clock, and for
the last one the pedestal is unnecessary.

The first one (Fig. 122) is in the Louvre in Paris and 1s
the work of Carlin et Gouthiére. The second (Fig. 123) is
in the Palace of Fontainebleau. The third (Fig. 124) 1s 1n
the Wallace collection, at Hertford House, London. It is
by Mynuel of Paris, with a case and pedestal by Boulle.
It was purchased in 1863 for £6000. The fourth (Fig. 125)
is in the Art Museum at Boston, loaned by Mrs. Albert
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Felix Schmitt. The works are by Balthazar of Paris and it
dates from about 1770. The clock case is of tortoise shell
inlaid with brass and the pedestal is of ebony and brass
inlay. The total height is 1.38 meters.

Bracket or table clocks were also in high favor during
this period and seem to have appeared, as in England, al-
most simultaneously with the grandfather and pedestal
clock. Three of these are illustrated in Figs. 126 to 128.
The first (Fig. 126) is by Thiout I’Ainé and is in the “Garde
Meuble” at Paris. It dates from the time of Louis XIV.
The second (Fig. 127) is in the Louvre at Paris and is by
Mynuel. The third (Fig. 128) is in the Wallace collection
at Hertford House. It is by Thuret of Paris.

The Cartel clock (perhaps from the Italian Cartela, a
bracket) was also used. It was round or oval in form and
fastened to the wall. The case was of wood, lead, zinc, or
brass. Thickly gilt brass was probably the most common
form. These cartel clocks were introduced during the
reign of Louis XIV (1643-1715) and were in especial favor
during the reign of Louis XV (1715-1774). One of them is
illustrated in Fig. 129. It is in the Musée Carnavalet at
Paris and was made by Bunon. It dates from about 1770.

The mantel clock which is so much loved by the French
and which is still made in large numbers, also made its ap-
pearance during this period. They were very rare before the
time of Lcuis XV and it is the reign of Louis XVI (1774~
1793) which saw their great development. One of them from
the time of Louis XVI is shown in Fig. 130. It is in the
“Garde Meuble” at Paris, the work of Cachard, the successor
of Ch. Le Roy.

Dutch clocks. — In the Netherlands the bracket or
hood clock was the great favorite during this period. The
bracket clock probably appeared in the Netherlands as
earlv as the bird-cage or lantern clock did in England. At
first it had but one hand and the controlling mechanism
consisted of foliot balance, verge, and crown wheel. Later
the pendulum was used and two hands became the rule.
These clocks were always fastened to the wall and were
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FIG. 130. — A MANTEL CLOCK FROM THE TIME OF LOUIS XVI
(Garde Meuble, Paris.)
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antiques be procured and (2) what is their value. The self-
evident answer to the first question is at the shops of the
dealers in antiques. Nearly every dealer in antiques
includes clocks (and perhaps watches) in his line and thus
one is likely to find at least a few antique clocks. Some
dealers specialize in them and then one is sure to find more.

In London Percy Webster and his son Malcolm R. Web-
ster at 37 Great Portland St., London, W. 1, specialize
particularly in clocks, watches, and antique Jewelry
Their stock of antique clocks is immense and runs up into
the hundreds of examples. Here one can always find old
clocks by well-known makers and in all kinds of cases.
These gentlemen are experts in their line and their integrity
and reliability are unquestioned. Jump & Sons, 93 Mount
Street, LLondon, W. 1., also specialize in old clocks.

Dutch clocks can always be procured in Amsterdam or
Rotterdam. H. Brokke, Vijzelstaat 112, Amsterdam, Hol-
land, carries a large stock of very fine Dutch hood and grand-
father clocks. An illustrated catalogue may be procured
from him. There are also several other dealers in antiques
in Nieuwe Spiegelstraat, Amsterdam, who carry fairly large
stocks of antique clocks. In Rotterdam A. M. Lucas,
Witte De Withstraat 61 B, also specializes in antique
Dutch clocks.

In France good grandfather or pedestal clocks are hard
to find. Bracket or table clocks of the time of Louis XIV,
Louis XV, or Louis XVI are to be found at the shops of
nearly all dealers in antiques.

It 1s practically impossible to state the cost of an an-
tique clock. It depends entirely upon the kind, age, maker,
and condition. A grandfather clock by a known maker, in
good condition, and a genuine antique will cost from $200
to $800 or even higher. A Dutch hood clock costs from $15
to $90. A French bracket or table clock, Louis XV style,
costs from $100 to $300. But there are many clocks which
have sold for more than $10,000 and it is doubtful if the
upper limit to the price which has ever been paid for an
antique domestic clock could be put under $50,000.



CHAPTER XI

THE HISTORY AND CONSTRUCTION OF THE INDIVIDUAL PARTS
OF CLOCKS

In this chapter the history, development, and present-
aay structure of the various individual parts which make up
clock mechanism will be considered in detail. If Chapter V
on the construction of the simplest possible clock has been
forgotten, it would be well to read it again as an introduction
to this chapter. It will be once more assumed that the
clock is simply a timepiece in the primitive sense of that
term; that is, that there are no attachments of any kind.
The additional parts which are necessary if a clock has
stnkmg, chiming, alarm, calendar, moon-phase, equatlon
of time, or repeater attachments will be considered in the
next chapter. These three chapters (V, XI, and XII) thus
constitute a short treatise on clock mechanism which could
be read almost independently of the rest of the book. In
taking up the various parts, they will be grouped under the
driving, transmitting, controlling, and indicating mechanism
just as before.

The driving mechanism consists of either a weight or a
tightly coiled steel spring. Historically the weight was used
a good four centuries before the spring. The very first
clocks were weight-driven, while the mainspring was intro-
duced by Peter Henlein of Niirnberg in 1500.

If a weight is used it must be heavy enough to keep the
clock running. There is friction to be overcome and, as
the oil thickens and dirt collects around the pivots, the
friction increases. Sometimes a clock which has not been
recently cleaned stops on account of it. A heavier weight
might have driven the clock longer, but it would not have
been good for the clock. The moral is that the weight
should be ample, but too much overweight is not good for
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the clock. The amount of fall must be sufficient to allow
the clock to run the proper length of time. Usually there
is at least a 10 per cent and generally a 25 per cent leeway.
The weight is attached to a cord which is wrapped around
the drum. There are several ways of doing this. The
weight may hang directly from the drum, but this is not
usual now. There may be a pulley at the top of the weight.
Then one end of the cord is fastened to the frame of the
clock and the cord often passing around the pulley is wrapped
around the drum. Sometimes the cord passes over a pulley
at the top of the clock case. This is a very common way
in old clocks. It is not always a cord that is used. Some-
times its place is taken by catgut or a flexible wire. Some-
times the weight is fastened to a flat chain. which passes
over a wheel with projecting points to keep it from slipping.
This is a common method in many grandfather clocks.
Most of these methods were illustrated in Fig. 43. The
drum is connected to the main driving wheel by means of
a ratchet and click. This is necessary in order that the
clock may be wound up again when the weight has run down.
This is accomplished in the case of the flat chain by simply
pulling the free end of the chain. In the other methods
the weight is wound up by means of a key in which there is
a square hole which fits over the squared end of the arbor,
to which the drum is rigidly fastened, but upon which the
main driving wheel rides free. Weights are made of either
iron or lead and are often encased in brass to add to their
appearance. The individual parts of the driving mechanism
are thus the weight, cord, drum, ratchet, click, click spring
to keep the click against the ratchet, main driving wheel
and the arbor.

The mainspring is probably more used at present to
drive clocks than the weight. The truth of this is at once
apparent when one considers the immense number of small
alarm clocks at present which are all spring-driven. There
are two ways of attaching the spring. In some good
clocks it is placed in a going barrel just as in a watch (see
page 103). This is true of the clock movement pictured in
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Fig. 152. Usually (always in cheap clocks) one end of
the spring is fastened to the frame of the clock and the
other is fastened to the arbor. The spring is wound up
by means of a key as before or by means of what is prac-
tically a key, which is fastened to the end of the arbor.
A good spring will not be too strong or too weak; it will be
smooth and well polished and not left long enough without
cleaning to be gummy; it will unwind evenly and not be
kinked or buckled. The making and tempering of the
springs used in modern clocks and watches are an interesting
part of their manufacture. The great objection to the use
of a spring in a clock which is to keep accurate time is that
the pull is much greater when just wound up than when
partially run down, and this affects the rate of running of
the clock. This is partially overcome by using a long spring.
So great was this difficulty with the early springs that the
fusee was invented by Jacob Zech in 1525 to equalize its
pull. The fusee has been fully described on page 126.
When first invented it had a very general application. At
present, fusees are found in chronometers, a few watches,
and a very few clocks, all of them being expensive and good
ones. All accurate clocks used for astronomical purposes,
or where correct time is essential, are weight-driven.

There are two attachments which are sometimes added
to the driving mechanism of good clocks. These are main-
taining power and stop work.

The purpose of maintaining power is to keep the clock
running while it is being wound. When the power is taken
off in winding, the clock movement usually stops while the
pendulum keeps on swinging. This of course would not do
in a clock which is to keep accurate time. Historically the
first form was the endless chain invented by Huygens, but
that has gone entirely out of use. There are also a couple
of other forms which have never come into general use.
The twn used at present are “the bolt and shutter” and the
“double ratchet” forms. Of these the first has almost gone
out of use while the second is the one generally employed.

The bolt and shutter came into use sometime before
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1700 and was often applied to the grandfather and table
clocks of that period. It is still occasionally met with in
tower clocks. It consisted of a shutter which covered the
winding hole. Thus to wind the clock a lever had to be
raised to uncover the hole. The raising of the lever in-
serted a spring bolt in the cogs of the main driving wheel or
one of the wheels of the train. The weight of the lever
would then run the clock until the bolt ran out of gear and
the shutter had covered the hole again. The only purpose
of the shutter was to make it impossible to forget to raise
the lever before beginning the

winding.

The double ratchet form of
maintaining power, invented by
Harrison (1693-1776), is much
better and is the form always used
now when maintaining power 1is
applied to a clock. It is pictured
in Fig. 137 and consists simply of
a second ratchet and click con-
nected to the main driving wheel
by means of a spring. While the
clock is being wound it is click Z _ . :
that holds and the clock is driven © TAINING PowER.
by the spring SS’. Ordinarily it is
click X that holds and the weight drives the clock. There
is of course no need of maintaining power in the case of a
spring-driven timekeeper with a going barrel. Here the
tension is a little greater on the movement when the time-
keeper is being wound.

Stop work is applied to a clock to prevent it from being
wound too tight, and also at times to make use of a certain
middle portion of a spring which is too long and powerful.

There are several forms of stop work which have been
invented, but only two have any general application now.
One of these is used on chronometers and will be described
in that chapter. The other is the form used on practically
all clocks and watches which have stop work. It is called
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the star wheel, the Maltese cross, or the Geneva stop. The
various names indicate its origin and appearance. It is il-
lustrated in Fig. 138 and consists of a' wheel with one tooth
or finger A which is attached to the barrel arbor. The
star wheel S which turns on a stud has five or more tooth-
like projections. It will be noticed that the one at B is
different from the rest in that it is longer or convex instead
of concave. In the figure the stop has come to the end
of its motion. When the clock or watch is wound up the
finger wheel will move in the direction of the arrow and for
each revolution will pull the star wheel forward one tooth.
After making five revolutions (nearly) the stop will again

FIG. 138. — THE GENEVA STOP.

operate. Thus the spring or weight can be wound up and
can run down just five complete revolutions of the barrel
arbor and no more. This is the form always used on
watches where the going barrel turns just three times in a
day and five times before it runs down. In a clock if
more revolutions are desired between up and down there
must be more teeth on the star wheel. Stop work can be
readily seen on the clock movement pictured in Fig. 151.

As has been said, other forms of stop work have been
invented. Two of these will be described chiefly on ac-
count of their ingenuity. They are probably not used on
any timekeeper made at present. The first consists of
multiple concentric discs and its action is evident from
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Fig. 139. As illustrated, the stop has operated and the
arbor 1s at the end of its motion. When the timekeeper
is wound up, disc 4, which is firmly attached to the arbor,
turns in the direction of the arrow. After one turn the
projection comes in contact with the pin a and the disc B,
which is free, is carried along. At the

end of the second turn the projection

on B comes in contact with b and the )
third disc is carried along. This con- ¢
tinues until finally the projection on ; "
M comes in contact with the fixed stop

m. It is evident that the arbor can
make as many turns between up and
down as there are discs.
Another form of stop work is illus- F15; 1% A MULTIOLE
trated diagrammatically in Fig. 140.
The smaller wheel is attached to the arbor and has, say,
40 teeth. The larger wheel turns on a stud and has so
teeth. Different numbers could be chosen. On each wheel
there is a projection. As illustrated, the arbor is at the
end of its motion and the stop has operated. When the
timekeeper is wound the smaller wheel moves in the direc-
tion of the arrow. At the
end of one turn the stop
does not operate, as the
) projection on the larger
wheel is at M. At the end
of about five turns in this
case the projections come
together and the stop
FIG. 140. — A TWO-WHEEL WINDING sToP. operates. In general the
number of turns equals the
number of teeth on the larger wheel divided by the differ-
ence in the number of teeth on the larger and smaller
wheels.
The transmitting mechanism consists of a series of
cogged wheels working one in another. It extends from the
main driving wheel of the driving mechanism to the pinion
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on the escape wheel arbor which is part of the controlling
mechanism. The driving wheels are called wheels and have
teeth. The driven wheels, which are smaller and wider,
are called pinions, and have leaves. One wheel and one
plmon are always mounted on an axle or arbor which ends
in pivots which run in holes in the plates which hold the
mechanism (see Figs. 47 and 48). The wheels are of brass,
but the pinions and arbors are of steel. Sometimes in

small clocks and in

good ones the pivot

holes are jeweled, as

in a watch. There

may be one, two,

three, or even five, or

six arbors in the

transmitting mecha-

nism. The number
» depends somewhat
upon the maker, but
mostly upon the
length of time the
clock is to run. The
transmitting mecha-
nism is often spoken
of as the time train.

The one new and
important thing to
bring out here is the
shape of the teeth
and leaves of the wheels and pinions. A general idea of
the arrangement of things can be gained from Fig. 141,
which shows a portion of a wheel of 120 teeth and a pinion
of 12 leaves. The two circles 4 and B are known as
the pitch circles. The portion of the leaf or tooth which
extends beyond these circles is known as the addendum.
The portion below the pitch circles is called the root.
The sides of the leaves as far as the pitch circle 4 are
straight radial lines. The addenda are semicircles and

DPINION

FIG. 141.—THE SHAPE OF THE TEETH AND LEAVES
OF A WHEEI AND PINION.
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extend about one half as far beyond the pitch circle as the
width of the leaves. The ratio of the leaf to the space be-
tween is about 4 to 6. The teeth of the wheel also have
straight radial sides as far as the pitch circle B. The ad-
denda are about 1} times as long as the width of the teeth
and their shape is epicycloidal. The first point of contact
of a tooth and a leaf is where the pitch circles 4 and B are
tangent to each other on the line connecting the centers of
the wheel and pinion. The last point of contact is on the
circle A. Now, of course, there is a reason for all these
things and it will be given next. Those who dislike tech-
nical details may simply look over or even overlook the
next page.

The general problem is this. Given the distance be-
tween centers and the ratio of the wheel and pinion to each
other, to devise a wheel and pinion which shall be most
satisfactory and have the least friction and wear. To make
it a definite numerical example: suppose the distance be-
tween centers is 1.65 inches and that the pinion is to make
1o revolutions to one of the wheel. Then the wheel must
have ¥ and the pinion 7t of the distance between cen-
ters. That means the pitch circle of the wheel will have
a radius of one and a half inches and that of the pinion
o.15inch. As a tooth of the wheel meets a leaf of the pinion,
they roll or slide upon each other, engaging deeper and
deeper until the line of centers is passed. Then they draw
apart until the tooth leaves the leaf. Now the friction and
wear due to engaging is much greater than the disengaging
friction. Thus the tooth should not meet the leaf until at
or beyond the line of centers. It can be shown mathe-
matically that this is impossible unless the pinion has at
least 10 leaves or more. In practice pinions have from 7 to
16 leaves. The lower numbers are used in small cheap
clocks. Suppose then we fix upon 12 as the number of
leaves for the pinion. The wheel in the given problem
must then have 120 teeth. The wheel and pinion can now
be laid out. The ratio of 6 to 4 for space and leaf in the
pinion and an even ratio for tooth and space in the wheel
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are dictated by practical considerations of strength and
clearance. In fact it is a little different with different
makers and with different sizes of wheels and pinions. The
addenda to the pinion leaves could be anything, as they are
not used. The semicircle is the most convenient to make,
best looking, and serviceable. The shape of the addenda
of the teeth must be such that the face will always be tan-
gent to the straight radial side of the leaf. This is the
same thing as saying that there must be only rolling fric-
tion and no sliding friction. It can be shown mathe-
matically that to fulfill this condition the face must have
the shape of an epicycloid. The lengths of the addenda
are dictated by practical considerations in order to avoid
any slipping due to jar or wear.

There is another entirely different kind of pinion which
is in very general use. It is called the lantern pinion and
it was illustrated in Fig. 44. It consists of circular wires
arranged in the form of a drum. It has several distinct

dvantages It is cheaper to make, it will stand more
abuse, it is less liable to stoppage due to dirt, and there is
less friction when the number of wires is the same as the
number of leaves. It is the form almost always used in
cheap alarm clocks and sometimes in old-fashioned clocks
with wooden wheels.

The controlling mechanism is the most vital part of a
clock and it is thus natural that many different forms have
been devised. Historically the first consisted of foliot
balance, verge, and crown wheel. This form had undis-
puted sway from the time of the first mechanical clock until
1658, when the pendulum was introduced into clock mech-
anism. It was fully described and illustrated on page 83
and has now gone entirely out of use.

From 1658 to the present day probably nearly three
hundred different forms of escapement have been devised,
but of these less than ten have stood the test and had an
extended use. Seven of them will be described in more or
less detail in this book. A few others will be mentioned
here and there in passing.
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The chronometer escapement is used in all chronometers
and a few watches; it will be described in the chapter on
chronometers. The Denison gravity escapement is used in
most tower clocks and a few accurate clocks; it will be de-
scribed in the chapter on tower clocks. Either the lever,
the cylinder, or the duplex escapement is used in prac-
tically all watches, and in all clocks built like watches; that
is in all spring-driven, balance-controlled clocks; these three
will be described in the chapter on watch mechanism.

The anchor escapement of either the recoil or the dead-
beat form is used in practically all pendulum clocks; these
two will be considered in this chapter. The word escape-
ment is sometimes used as almost synonymous with the con-
trolling mechanism. This is not quite correct. The escape-
ment consists of those parts directly concerned in allowing
the teeth to escape. Thus the anchor and escape wheel make
up the escapement but the pendulum is also a part, and an
important one, of the controlling mechanism. The escape-
ment is thus only a part of the controlling mechanism.

If an anchor escapement of the recoil form is used, then
the controlling mechanism consists of pendulum, anchor,
escape wheel, and perhaps a rod to connect the pendulum
with the anchor and called the crutch. Each of these parts
must be considered in detail. The recoil anchor escape-
ment was invented by Robert Hooke in 1676 and intro-
duced into clock mechanism by William Clement in 1680
and is now used in perhaps 9o per cent of all pendulum
clocks. It can be cheaply made; it is but little affected by
changes in the driving power, and the lubrication also makes
but little difference; it will give fair results under the worst
possible conditions. For these reasons some would even
consider it better than the dead-beat form. This, however,
is a mistake. In a well-made, accurate clock the dead-beat
form will give better results.

A simple recoil anchor escapement is illustrated in
Fig. 142. It consists of the escape wheel A and the anchor B.
The two ends of the anchor at C, and C: are called the horns
of the anchor or the pallets. The pendulum may be at-
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tached directly to the anchor, but this is unusual. Ordi-
narily there is a rod, called the crutch, which is firmly at-
tached to the anchor and also connects with the pendulum.
One method of connecting the two was illustrated in Fig. 46.
The last wheel in the time train drives the pinion on the
escape wheel arbor and thus tries to turn the escape wheel
in the direction of the arrow. As the pendulum swings to
the right and with it the anchor, a tooth escapes at C,,
but the escape wheel is not free to turn far as a tooth is
caught on the pallet at C.. As
the pendulum continues its excur-
sion to the right the escape wheel
is forced to move backward or
recoil slightly and this gives the
name to the escapement. The
pendulum has now come to rest
and begins its swing to the left. A
tooth at C, 1s soon teleased but
another tooth is again caught on
the pallet at C:; and the further

A motion of the escape wheel stopped.
FIG. 142 — A siwpLe recon, 'S the pendulum swings backward
ANCHOR ESCAPEMENT. and forward one tooth passes the

pallets for each full swing of the
pendulum. Since there 1s air resistance and fl'lCthﬂ, some
power must be supplied to the pendulum to keep it swing-
ing. This comes from the escape wheel, for as each tooth
escapes it gives to the pallets a push which is communi-
cated to the pendulum and keeps it swinging.

The technical details in the construction of this escape-
ment must now be considered. The escape wheel may be
of any size within reason. The modern tendency is to
make 1t smaller and lighter. The force of the blows on the
anchor as it is stopped and thus the wear are less. There
is, of course, a practical limit to the smallness. Escape
wheels are usually made of brass. The number of teeth
may be anything. It depends upon the time of swing of
the pendulum and the ratios of wheel to pinion in the



History of Individual Parts of Clocks 183

time train. Thirty is a very common number and almost
always the number when the pendulum has a time of swing
of one second. The teeth are usually pointed and their
sides are not usually radial. The inner face generally
makes an angle of 10° and the outer face one of 20° with the
radius. It is not difficult to lay out or draw an escape
wheel. Suppose that its diameter is to be one inch and that
there are to be 3o teeth. Draw a circle having a diameter

FIG. 143. —LAYING OUT AN ESCAPE WHEEL.

of one inch and divide it into 30 equal parts. It should be
remembered that each part will have an angular value of
12°. From one of these 30 points draw two lines, making
angles of 10° and 20° (or whatever angles have been de-
termined upon) with the radius. Draw two circles tangent
to these lines. The rest of the teeth may now be quickly
drawn. From each point draw two lines tangent to these
circles and in each case a tooth has been defined. All this
is illustrated in Fig. 143, where four teeth are indicated.
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The anchor may embrace any number of teeth of the
escape wheel from two or three up to one third the total
number or even more. A very common way to construct
the anchor is to have it embrace one quarter of the number
of teeth. Thus if the escape wheel has 30 teeth, then seven

FIG. 144. — LAYING OUT A RECOIL ANCHOR ESCAPEMENT.

and one half are embraced by the anchor. The practical
rules for laying out or drawing an anchor may now be
stated. Let us suppose to make the problem definite that
the escape wheel has 30 teeth and one quarter of them are
to be covered by the anchor. The construction is illus-
trated in Fig. 144. From the two points 4 and B which
are separated by 7} teeth and are the two points where the
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anchor is to touch the escape wheel, tangents (T and T))
are drawn to the escape wheel. It will be remembered that
a tangent is always perpendicular to a radius. The inter-
section of these two tangents at C will determine the proper
center for the anchor axle. It can easily be shown by plane
geometry ! that the distance between the centers of the
anchor and the escape wheel will be 1.4 (more exactly /2
or 1.41) times the radius of the escape wheel measured, of
course, to the end of the teeth. Many books state the rule
this way: that the distance between centers always equals
1.4 times the radius of the escape wheel. This is not cor-
rect. It is nearly always true if one quarter of the num- -
ber of teeth on the escape wheel is covered, but for a smaller
or larger number of teeth covered, it varies from perhaps
1.2 up to 1.8. Some books also state that the anchor
center is always determined by drawing tangents. This
again is not universally true. Having determined the cen-
ter of the anchor, with a radius equal to one half the distance
between centers, describe a circle E. From the points 4
and B draw tangents to this circle. These will determine
the faces of the pallets if they are not curved. If curved they
should be made convex. The rest of the anchor outside of
the pallets may have any form or shape. In Figs. 46 and
151 another form of recoil anchor escapement is illustrated.
Notice in particular the direction of the teeth and the shape
of the pallets.

An anchor escapement of the dead-beat form differs but
little from one of the recoil form. The escape wheel does
not move backwards or recoil but remains stationary or
dead when not moving forward. This is accomplished by
changing the form of the pallets. It was invented by
George Graham about 1715 and is a superior escapement
for accurate clocks. The method of laying it out or drawing
it is shown in Fig. 145. It is again assumed that the escape
wheel has 30 teeth of the same shape as before and that
one quarter of them are to be covered by the anchor. The
center of the anchor has been determined as before by draw-

1 The triangle DAC is a right triangle having for angles 90°, 45°, and 45°.
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ing tangents T, and T; and the distance between centers is
thus 1.4 times the radius of the escape wheel. There are
now four active faces, F, and F,, also S, and S; for the
pallets. The faces F, and F, are circular and drawn from
B as a center. The faces S, and S; make angles of 60°
with the radii R, and R;. To determine their length the
angle of swing of the pendulum must be known. In the
figure it is assumed to be 4°. Lines are thus drawn from B
making an angle of 2° with T, and 7 and these lines with

FIG. 145. — LAYING OUT A DEAD-BEAT ANCHOR ESCAPEMENT.

the tangents bound the faces S, and S;. A tooth falls first
on F, or F5. The impulse is given on faces S, and S,.

After reading the description of the two forms of the
anchor escapement and noticing carefully the illustrations,
a natural question to ask is just how the two forms differ.
In other words, what constitutes the difference in the horns
or pallets of the anchor which causes the one to be a recoil
anchor escapement and the other a dead-beat anchor es-
capement. This can be answered by means of Fig. 146,
which illustrates on a large scale the two forms of the pallets
or horns. 4B and A'B’ are described from the axle or arbor
of the anchor as a center and an anchor with the four faces
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AB, BC and A'B’, B'C’ would be of the dead-beat form.
The teeth of the escape wheel fall first on 4B or 4’B’ and
give their impulses on BC or B’C’. In the recoil form the
faces DB and D’'B’ upon which the teeth of the escape wheel
first fall, must protrude and

form an angle with 4B and , ~
A'B’, in order to cause a B !
recoil as the anchor turns. ,& e e
The larger this angle the v !
more the recoil. The 1m- Y

pulse faces could remain FiG. 146. — FIGURE ILLUSTRATING THE

DIFFERENCE IN THE PALLETS OF A
the same. The corners at RECOIL AND A DEAD-BEAT ANCHOR

B and B’ are unnecessary  ESCAPEMENT.

and can be smoothed away,

giving the dotted curves DC and D'C’. These are the
usual forms for a recoil anchor escapement.

The pin wheel escapement invented by Lepaute in 1753
has had an extended use. It has even been used in some
modern factory-made clocks but is not used in any clocks
made to-day.

The various escapements have now been fully con-
sidered. The remaining parts of the controlling mechanism
are the crutch and pendulum. The crutch is a small metal
rod or wire which is rigidly attached to the anchor and loosely
attached to the pendulum. Sometimes there i1s a loop
which surrounds the pendulum rod and sometimes the
crutch ends in a pin which works in a slot in the pendulum
rod. A typical crutch is illustrated in Fig. 46. Through it
the pendulum moves the anchor and through it the impulse
given to the pallets is communicated to the pendulum to
keep it swinging.

The pendulum is a very important part of the con-
trolling mechanism and has already been mentioned several
times both in this chapter and in previous chapters. It
must now be considered in detail. Historically the pendu-
lum was introduced into clock mechanism about 1658. It
will be remembered that the credit for the invention can-
not be given with certainty to any one person. Most
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would give the credit to Huygens, however. The parts of
a pendulum to be considered are the support, the method
of attaching it to its support, the rod, and the bob. Before
taking up these parts something must be said about the
time of swing of a pendulum.

The time of swing of a pendulum depends upon its length,
the value of gravity at the place, and to a slight extent upon
the length of the arc through which it swings. The fa-
miliar formula to be found in almost all books on Physics is

l . .
t = »\|-- Here » is a constant and equals 3.14159; ¢ is the

time of swing; [ is the length of the pendulum; g is the value
of the acceleration of gravity and is slightly different at
different places, depending upon latitude and elevation
above sea level. If we take 32.2 feet for g, which 1s a fair
average value, then the length of the pendulum can be com-
puted from the time of swing or vice versa. The follow-
ing table gives the computed length for different values of ¢:

t
2 sec. 13fe.  4in,

14 sec. 7ft. 4 in
1 sec. 39.1in.
4 sec. 9.8 in.
1 sec. 2.5 in.

It is not easy to define exactly what is meant by the length
of a pendulum. If a pendulum were a heavy ball suspended
by a rod without appreciable mass, then the length would be
the distance from the point of support to the center of this
ball. In actual pendulums the length is usually defined as
the distance from the point of support to the “center of os-
cillation,” which point usually lies a small distance above
the center of the bob. In the formula given above the
length of the arc of swing has been neglected, or rather it
has been assumed that the arc is infinitesimally small.!
In constructing pendulums there 1s always a screw thread
and a nut at the bottom so that the length may be varied
an inch or more. Thus in practice one need not worry

1 For a full mathematical treatment of the pendulum see books on Mathematical
Physics or Mechanics.
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over the fact that the exact value of gravity may not be
known for the place in question, that the arc may not be
infinitesimally small, and that the length of the pendulum
cannot be accurately defined. Sufficient leeway is allowed
so that the desired length can be found by experiment.
Most grandfather clocks have seconds pendulums, that is
the length is approximately 39.1 inches. Some tower
clocks have pendulums which swing in one and a half sec-
onds. There are only a very few two-seconds
pendulums in the world and none longer.

It was first shown by Huygens that if a
pendulum were to swing in a cycloid instead
of a circle then there would be no “circular
error,” as 1t 1s called. That is, the time of
swing would not depend upon the arc of
swing. Attempts have been made by means
of cheeks or guides to force a pendulum to
describe a cycloid. Huygens’ arrangement
is shown in Fig. 147. It has been found in
practice, however, that more troubles are
introduced by these guides than are elimi-
nated by their use. They are never used [ .7 _1hE
to-day in clock mechanism. Quite a few PENDULUM AR-
other devices, including the use of springs SANGEMENT
and small weights, have been invented for
the same purpose, but none of them have been used to
any extent.

A great deal has been written about making pendulums
isochronous, that is, giving them the same time of swing
regardless of the arc through which they swing. The follow-
ing table indicates how much a clock loses per day with a
pendulum swinging through different arcs as compared with
a clock having the pendulum swinging through an infini-
tesimal arc.

1.65°
6.59
14.80°
26.35°
41.15°

© 0 0 0o o

[ AN ]
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If a clock is spring-driven the power on the movement
changes as the clock runs down. Oil thickens and dust
collects and these things change the amount of friction.
Thus the power supplied to the pendulum and its arc of
swing are bound to change. If the arc drops from 4° to
3° as seen in the table the clock gains 11.55* per day. This
is not a small amount and it might seem that something
should be done about it. As a matter of fact there is another
thing which complicates the problem. The escapement in-
troduces an error as the power changes and it is thus pen-
dulum and escapement combined which should be made
lsochronous, and this 1s practlcally an impossible problem
to handle in theory. What is done in practice is to keep the
power and thus the arc of swing as constant as possible.

The chief characteristic of the pendulum support is that
it should be very firm and rigid. In most clocks it is a post
fastened to one of the plates which hold the movement.
Sometimes in the best clocks there are special arrangements
to make the support rigid, and this is particularly true if the
pendulum is heavy. If a post is used, it is generally slotted
and the pendulum spring passes through it.

There are several different ways of attaching a pendu-
lum to its support. These make use of a flexible cord, a
wire loop, or a flat spring. The use of a pendulum spring, as
it is called, is now almost the universal way. This spring
bends, of course, with each swing of the pendulum and
should be of a length, size, and thickness to suit the length
and weight of the pendulum. In most cheap clocks the
metal pendulum rod is simply flattened out and thinned to
form the spring and this passes through a slot in the support-
ing post. In a few good clocks there is an entirely different
method of supporting the pendulum. It is hung from knife
edges which rest upon agate plates.

The appearance, construction, and material of the rod
and bob of the pendulum depend entirely upon whether any
attempt is made to compensate for the effect of temperature
changes or not. All matenials used in the construction of
pendulums expand with heat and contract with cold.
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Therefore changes in temperature change the length of a
pendulum and thus its time of swing. A clock would
gain time in winter when it is cold and lose time in summer
when it 1s warm and the difference is by no means small.
A clock with a seconds pendulum of brass, if exposed to a
change of 180° F. in temperature, would change its rate of
running by 1™ 40" per day. In the foliowing table are
given the coefficients of expansion of various materials used
in constructmg pendulums for a change of 180° (that is,
from 32° to 212°) Fahrenheit:

Lead . . . . . . . . . . 0028

Zinc . . . . . . . . . . .028
Aluminum . . . . . . . . .0023

Brass . . . . . . . . . . .0020

Copper . . . . . . . . . .o018

Steel .- . . . . . . . . .00

Woo .. . . .0004
Nnckel-steel (36 l% Nlckel) . . . .0%009
Mercury . . . . . .o180in volume

It will be seen that the expansion of wood is small and that
aluminum, zinc, and lead stand high. In the case of certain
modern alloys (mostly nickel and steel) the expansion is
very small. In the case of mercury, which is a fluid, if it is
contained in a vessel which does not change its form or size
due to temperature changes, then the rise of the mercury
due to heating would be three times the amount given.
Five kinds of pendulums must now be considered. We
will call them the metal rod, the wooden rod, the gridiron,
the mercury, and the alloy pendulum.

In most cheap clocks the pendulum rod is of metal,
either brass or steel, and usually the latter. This means
that no attempt whatever is made to allow for temperature
changes. Such clocks cannot be expected to run well, but,
since they are usually cheap clocks, the accuracy is none too
great anyway, and the temperature errors are thus not
especially noticeable.

Since the expansion of wood is so very small, it is the
best material for a pendulum rod. Either deal, white pine,
or mahogany are ordinarily used. The wood should be
straight grained so that it will not warp and it should be
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well baked and then thoroughly shellacked to exclude mois-
ture. Wood is in less favor than metal for cheap clocks
because it is not quite as easy to attach the bob and the
pendulum spring. If the bob is large, made of lead or
zinc, and supported at the bottom, it is possible to almost

entirely overcome the effect of temperature changes. If it
is a seconds pendu-

lum, then a zinc or
lead bob would have

to have a radius be-

tween six and seven
inches to compensate
for temperature
changes. Six or seven
inches of zinc, as will
be seen from the
table, expand almost
v exactly as much for
a given change of
temperature as 46
inches (39.1 inches
. plus 6 or 7 inches) of
wood. This kind of a

pendulum is therefore
the ideal simple pen-
dulum when the ex-
pense of a well-com-
pensated pendulum is
FIG. 148. — THE GRIDIRON, MERCURY, AND ALLOY ' be avoided.
PENDULUMS, The mercury pen-
dulum, which was in-
vented by George Graham in 1721, was the first attempt to
definitely get rid of the effect of temperature changes. It
consists of a metal rod, usually steel, which supports a vessel
of mercury which takes the place of the pendulum bob. In
Fig. 148 is shown a section of such a pendulum. If the tem-
perature rises the rod lengthens but the mercury expands and
rises in its containing vessel. By using just the right amount
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of mercury it is possible to make the compensation perfect.
The containing vessel for the mercury is made of either glass
or cast iron. Iron is preferable because it is less liable to be
broken, the mercury can be heated in it to expel air and
moisture, it can be more easily attached to the pendulum
rod, and it communicates its temperature more rapidly to
the mercury within. If it is a seconds pendulum the height
of the mercury must be between 7 and 8 inches. If the
coefficient of expansion of all the parts and all the dimen-
sions are known it is possible to compute theoretically
exactly what the mercury height should be. In practice,
however, the final adjustment is made by experiment. If
for example a clock gains in heat, then it is overcompen-
sated and a little mercury must be removed. Mercury
pendulums are heavy and thus must have a firm sup-
port.

The gridiron pendulum was invented by John Harrison
in 1726 and consists of either nine, five, or three bars of two
different metals, usually steel and brass, so joined together
as to resemble remotely a gridiron. In Fig. 148 is shown a
section of such a pendulum. Bars 1, 3, 5, 7, and 9 are of
steel, which expands the least, while bars 2, 4, 6, and 8 are
of brass, which expands more. By getting the lengths just
right it is possible to entirely eliminate the influence of tem-
perature changes. This pendulum responds if anything a
little more rapidly to temperature changes than the mercury.
Sometimes the rods or flat bars are placed one back of the
other and loosely joined together. Sometimes tubes are
used one inside the other, but the principle is the same.

An alloy pendulum consists of an alloy of several metals,
mostly nickel and steel, so chosen that the coefficient of ex-
pansion will be the least possible. This was first done by
Guillaume, and in Fig. 148 is shown a section of such a pen-
dulum. The coefficient of expansion is so small that com-
pensation can be effected by a few inches of aluminum.

As matters stand at present, all first class, accurate
clocks have either mercury, gridiron, or alloy pendulums.
Good clocks, particularly those with seconds pendulums,
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usually have wooden rods, and large bobs. Cheap clocks
have metal rods.

It must not be thought, however, that if a clock has a
compensated pendulum all temperature troubles are at an
end. If the temperature changes rapidly the rod will re-
spond more rapidly to these changes than the mercury.
Furthermore, there is likely to be a small difference in tem-
perature between the top and bottom of a pendulum.
Thus the rod may be in one temperature and the vessel of
mercury in another. The conclusion of the whole matter is
that even if a clock has a
compensated pendulum, the
temperature should be kept
as nearly constant as pos-
sible.

Other devices have also
been invented besides those
in use at the present time for
taking care of temperature
changes. Two of these which
are ingenious, but never had
any wide application, are
illustrated in Fig. 149. The
way they work 1s evident
from the figure.

FIG. 149.—TWO INGENIOUS DEVICES The pendulum b(,’b 1S

FOR TEMPERATURE CoMPENsATION.  usually lens shaped or in the

form of a cylinder. The

cylinder is used almost exclusively with mercury pendulums.

The lens shape offers the least resistance to the air. The

material 1s usually zinc or lead and they are often covered
with brass for ornamentation.

There are many imitation gridiron and mercury pendu-
lums. If this i1s simply to make the pendulum ornate it is
well enough but if the attempt is hereby made to trick the
unwary into believing that the clock really has a gridiron
or mercury pendulum, then it 1s a despicable deception.

The indicating mechanism consists of the hands and

N

N
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dial and the under-the-dial mechanism, which is often
called the motion work. In fact it is usually called motion
work by jewelers and under-the-dial mechanism by the
writers on the history of timekeepers.

The earliest mechanical clocks had only one hand,
namely the hour hand. Just before 1700, when the accu-
racy of timekeepers was greatly increased by the introduc-
tion of the pendulum and anchor escapement, the con-
centric minute hand began to make its appearance. If it
was used before this time it was on a separate arbor and not
concentric with the hour hand. The second hand came
still later when accuracy had further increased. At the
present time hands of all shapes and sizes and even materials
are used. From 1500 to 1800, however, there was a more
or less definite sequence of styles for clock hands. Thus
an expert by carefully studying the hands of an old clock
can form a fair estimate of its age.

The origin of the words minute and second may be of
interest. The fine or minute divisions into which the hour
was divided to make the sixty minutes gave rise, of course,
to that word. The seconds were for a time called second-
minutes, that is, the second fine or minute subdivisions of
the hour. Very soon the minutes part of the word was
dropped and they became seconds.

The dials were originally of brass and were a fine field
for ornamentation. They were often carefully engraved or
chased. Particular attention was paid to the four corners
outside of the circle of numbers. These are known as the
spandrel corners. At first carefully made brass ornaments
were attached here, and there was a more or less definite
sequence of styles so that the expert can again form an
estimate of the age of an old clock from the spandrel cor-
ners. Later (between 1700 and 1800) enamel dials came into
use and these degenerated into painted wood. The spandrel
corners were still decorated and are usually ornamented
even at the present time. Both Roman numerals and
Arabic figures are used, but Arabic figures are extremely
rare except during the last century. The Roman numerals
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until recently always radiated from the center of the dial;
that is, appeared right side up when viewed from the center.
The Arabic figures have been placed both ways; that is,
radiating from the center and upright. It is interesting to
note that IIII is practically always used instead of IV for
four. When this practice arose and the reason for it are
not definitely known. There is a story that a famous clock-
maker had constructed a clock for Louis XIV, king of
France. The clockmaker had naturally used IV for four.
When the clock was shown to the king, he remarked that
IIII should have been used instead of IV. When it was
explained to him that IV was correct, he still insisted, so
that there was nothing to do but change the clock dial.
This introduced the custom of using II1I for four. This is
probably only a story, however, as IIII occurs long before
the time of Louis XIV. And this same story is also told in
connection with other monarchs. There is one reason why
IIII is preferable to 1V, and it may have caused the change.
On the other side of the clock dial the VIII is the heaviest
number, consisting of four hedvy strokes and one light one,
as it is usually made. It would destroy the symmetry to
have IV with only two heavy strokes on the other side.
Thus IIII with four heavy strokes is much to be preferred.
The change may therefore have been made for reasons of
symmetry.

The motion work consists of two so-called cannon
pinions and four wheels. These are located just under the
dial in the center of the clock. The purpose of the motion
work is to drive the hour hand from the minute hand and
also to enable a clock to be set. It has been fully described
and pictured on page 79. It came into use just before
1700, when the concentric minute hand was added to the
clock.



CHAPTER XII

THE STRIKING, CHIMING, ALARM, REPEATER, CALENDAR,
MOON-PHASE, AND EQUATION OF TIME ATTACHMENTS
TO CLOCKS

In both Chapter V, where the construction of the
simplest possible clock was considered, and again in Chap-
ter XI, where the construction of the individual parts of
clocks was taken up, it was assumed that there were no at-
tachments. It remains in this chapter to consider the
various additions which are often or sometimes made to
clock mechanism.

The striking attachment is as old as the mechanical
clock itself. In fact the earliest clocks struck the hours
before a hand and dial were added to indicate them. At
the present time there are two forms of striking mechamsm.
One makes use of the ““count wheel”” and the other a “rack
and snail.” The count wheel is the oldest and goes back to
the beginning. The rack and snail form was invented by
Edward Barlow in 1676. These two forms are somewhat
different and must be taken up separately

The striking mechanism consists of a spring or weight
to furnish the power, a train of wheels, a regulator, a de-
vice to start the striking at the proper time, and a device
to determine the number of blows to be struck. It is in
this last that the two forms of mechanism differ.

The power for the striking mechanism is furnished either
-by a spring or a weight. If a spring is used it is ordinarily
of the same length and size and attached in the same way
as the spring which drives the timekeeping part of the
clock. There is perhaps one difference and that is the
springs used for striking are often of a poorer quality than
the springs used for the going part. Clock springs should
be carefully tested at the factory. The best ones are used
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to drive the timekeeping part and the seconds are used for
the striking part, since here slight irregularities are of no
account. If a weight is used it generally has the same size
and fall as the weight on the time side.

The striking train, as it is called, is exactly analogous
to the time train and consists of a series of toothed wheels
working into each other. All that has been said about the
wheels, pinions, and arbors of the time train could be re-
peated here. The striking train always occupies the left-
hand side of a clock as one faces it and the time train the
right-hand side. The number of wheels and pinions in the
striking train depends upon the length of time the clock is
to run and a little upon the maker.

The regulator is simply a device for preventing the strik-
ing train from running too fast. It is almost always simply
a fan-fly. That is, on the axle or arbor of the last pinion
is mounted a flat piece of sheet metal having an area of
one or two or perhaps several square inches. When the
striking train is running this beats against the air and keeps
it from going too fast. So far the striking mechanism is
extremely simple and consists of a driving spring or weight,
a train of wheels, and a fan-fly regulator to keep it from
going too fast.

The actual striking is done by means of a number of
pins set in the face of one of the wheels of the train. These
pins raise the tail of the hammer against the action of a
spring and as the tail slips past each pin the hammer de-
livers its blow to the bell or gong.

The device for causing a clock to strike at the proper
time consists of the lifting piece or pieces and a post or
projection on the central arbor of the timekeeping part.
It will be remembered that there is one arbor in a clock
which turns in exactly one hour, that this is planted in the
middle of the mechanism, and that it .is on this arbor that
the cannon pinion fits which carries the minute hand. On
this arbor there is a projection or post which, as it turns,
slowly raises the lifting piece. Finally, when the minute
hand reaches 60, the lifting piece slips off the post and the
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clock begins to strike. This is the only connection between
the running and striking sides of a clock. Thus once each
hour the lifting piece is slowly raised and then allowed to
fall exactly at the end of the hour.

The device for allowing a clock to strike a certain num-
ber of blows and no more or no less is the most vital and
complicated part of the striking mechanism. It will be
remembered that there are two forms. The count wheel
form will be considered first. The essential parts (dis-
connected) are shown in Fig. 150. A is the count wheel
which has twelve deep notches and a different number of
cogs between each notch. The number of cogs runs from
one to twelve and thus it is called a count wheel. This
wheel is mounted on its own stud and is entirely discon-
nected from the striking train. Above it, is the count
hook B, which can drop into a deep notch and hold it fast.
At C is shown the cam which is fastened to one of the
axles of the striking train and turns with it. It has one
large notch and over it is the hook D for holding it fast.
As the lifting piece is slowly raised by the pin on the center
arbor, the hooks B and D are also raised. They may be
considered a part of the lifting piece. Finally, a few min-
utes before the end of the hour, these hooks have been so
much raised that the cam C is free and the striking train
begins to run. In fact the clock would commence to strike
if it were not for the fact that the lifting piece has been raised
so high that a part of it strikes a part of the regulator.
This preliminary short run of the striking train is what is
popularly called the “warning” of a clock. The minute
hind now reaches the end of the hour, the lifting piece slips
off the post, and the striking train is at last unlocked and
free. It begins to run and strike the hour. It is so ar-
ranged that the cam makes one revolution during each
stroke. At the end of one stroke, that is, one revolution of
the cam, the hook D tends to fall into the slot and stop the
striking train, but in the meanwhile a little pin on one of
the wheels or arbors of the striking train has pulled the
count wheel forward one cog when it passed it. The hook B
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have been mentioned can be made out. The time train is
on the right and the striking train on the left. This move-
ment is made by the Seth Thomas Clock Co., of Thomas-
ton, Conn. Incidentally, it may be mentioned that this
clock has stop work and a recoil anchor escapement of the
so-called American form. The crutch is also very plainly
visible. All these matters have been taken up in previous
chapters.

The second form of the device for allowing a clock to
strike a certain number of blows, and no more or less, makes
use of a rack and snail. These two essential parts are
easily seen in Fig. 152. It is movement No. 51, as made by
the Seth Thomas Clock Co., of Thomaston, Conn., that is
here illustrated. It will be remembered that the snail 4
has twelve parts, each of a different size, and that the rack B
has twelve or more teeth. The snail is attached to the time
train (in the center of the movement just behind the hands)
and turns with it. In fact it is so attached that it makes
just one revolution in twelve hours. There is just as before
a post on the central arbor which slowly raises the
lifting piece and then allows it to fall at the end of each
hour. Here there are thus two connections between the
time part and the striking part, namely, the snail and the
post. As the post gradually raises the lifting piece, the
rack is at last freed and it falls down until a point attached
to it strikes the snail. The amount that the rack can fall
is thus determined by the position of the snail. If it is to
strike twelve, it falls the greatest amount. This falling of
the rack constitutes the “warning.” Finally, just at the
end of the hour the striking train is released as the lifting
piece slips off the post. As the clock strikes a little pin C
“picks up” or “gathers in”’ one cog of the rack for each
stroke of the bell and the striking train is again locked fast
when the rack has been pushed back to its former position.
The rack acts like a part of a count wheel. The snail by
its position simply determines how much of the rack is to
be used. This form 1s a little more complicated than the
other but it has one very decided advantage. The striking
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of each hour is absolutely independent of what has gone
before. If, due to some little slip of the mechanism, the
clock did not strike right at a given hour, the next hour will
nevertheless be struck correctly. This is of course not true
of a count wheel. There is thus no need in a rack and snail

FIG. 152. — A STRIKING CLOCK WITH RACK AND SNAIL.
(The Seth Thomas Clock Co.)

striking clock of any device for “striking the clock round”
by hand; it simply cannot strike wrong.

The chiming attachment. — Some clocks not only strike
the hours but have chimes as well. There are of all de-
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grees of complexity. The very simplest is a single stroke
at the half hour on the same bell upon which the hours are
struck. This can be accomplished with either a count
wheel or a rack and snail clock by a very simple modifica-
tion of the mechanism. The half hour can also be struck
directly. A second post may be placed on the central ar-
bor just 180° from the one which causes the hours to be
struck. This second post can raise the tail of a hammer
directly and thus cause the half hours to be struck. If it
is done this way, then they may be struck on a different
bell or on the same bell with a different force.

Some clocks strike one at the quarter, two at the half,
three at the three quarters, and four or perhaps many more
just before the hour. Often several different bells are used.
Sometimes tunes are plaved, and one may even have the
choice of the tune from several. All these arrangements
require a third train, usually called the chiming train.
When this is the case, the time train is generally placed in
the center, the striking train on the left, and the chiming
train on the right.  The chiming mechanism consists of a
spring or weight to furnish the power, the train, some form
of regulator, a device just as before for starting the chimes
at the proper moment, and a device similar to a count
wheel or a rack and snail for determining how long the
chiming train shall run. The chiming mechanism is thus
very similar to and fully as complex as the striking mech-
anism. The actual striking of the bells is done by means
of a chime barrel which 1s a cylinder of brass in which pins
are set. As this revolves these pins catch the tails of the
hammers at the right time and in the right order. This
determines how many and which bells are to be struck.

In Fig. 153 is illustrated the movement of a highest
grade Westminster quarter hour chime and hour strike
clock. It will be noticed that it has the rack and snail
striking mechanism and that five bells or gongs make up the
chimes as judged by the five hammers. This is movement
113 A, as made by the Seth Thomas Clock Co., of Thomas-
ton, Conn., to whose kindness these illustrations are due.
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quite similar to that for striking. It is somewhat simpler,
however, because there is no need of a device for deter-
mining how many strokes shall be given. An alarm clock
simply keeps on ringing until it runs down or is shut off.
The alarm mechanism consists of either a spring or weight
to furnish the power, a train, usually some regulator, and a
device for starting the alarm at the proper moment. The
first three parts are practically identical with the correspond-
ing parts of the striking mechanism. The alarm may be
set for any moment during a twelve-hour period. This re-
quires a slight modification in the starting mechanism.
But, just as before, a piece slips off a post or a pin falls
into a slot at the proper moment and thus starts the
striking.

The repeater attachment. — A repeating clock is one
which will repeat or strike over again the hour whenever a
certain string or chain is pulled or a knob is pressed down.
The repeater was invented by Edward Barlow in 1676.
Such a clock is in good part only a cunosnty and yet it has
a real use at night for ascertaining the time without seeing
the dial. This was particularly useful before artificial il-
lumination was as easy as at present and before luminous
dials had been invented. A striking clock with a rack and
snail striking mechanism is really a repeater. Thus when
Barlow invented one he had also invented the other. All
that is necessary is to be able to do by hand what the clock
does automatically each hour — that is, to raise the lifting
piece and then allow it to fall. It can be easily arranged so
that this can be done by pulling a string or pressing a knob.
An hour repeater thus requires practically no additional
mechanism of any kind.

There are repeaters, however, which strike the quarters
and even the minutes as well as the hour, and more than
one bell or gong is used to distinguish between them. The
necessary mechanism is quite complicated but the under-
lying principle is always the same. It is a series of snails
connected with the time train which by their position al-
ways determine how many blows are to be struck.
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The calendar attachment. — Many clocks not only in-
dicate the hour, minute, and second but the larger subdi-
visions of time as well, such as the day of the week, the day
of the month, and the month. These are often called cal-
endar clocks. At the present time the number of newly
made calendar clocks is very small compared with the total
number of clocks made. The old-fashioned grandfather
clocks are, however, mostly calendar clocks. Historically
the calendar attachment is about as old as clock mechanism.
It will be remembered that the small, simple clock for do-
- mestic purposes did not appear until after 1500. The early
clocks were expensive, rare, and very intricate. There was
a tendency to add as much as possible and thus the calendar
was nearly always indicated. It is impossible, therefore, to
say who first added the calendar attachment to a clock.
It was certainly done before 1400.

At present the simplest possible calendar clock has a
hand concentric with the hour and minute hands which
goes round the dial in a month and indicates the day of the
month. The necessary mechanism is extremely simple and
can be driven directly by the motion work. It will be re-
membered that one wheel of the motion work turns in
twelve hours and thus only three more wheels or pinions
are necessary to turn a hand once in 31 days. It is so
simple that ordinary nickel clocks sometimes have this at-

tachment. At the end of the short months, February,]

April, June, September, and November, it is necessary to
set the hand forward to make it correct for the next month.

Many clocks indicate the day of the week, the day of
the month, and the month. This is the usual arrangement
with the old grandfather clocks. The necessary mechanism
is of two kinds and may be called the simple calendar mech-
anism and the automatic calendar mechanism. In the first
the day of the month must be set right by hand at the end
of all short months. In the second it is done automatically
by the clock and even leap year is taken care of.

The simple calendar mechanism is shown in Fig. 154.
M is the wheel in the motion work which turns once in

1175’“'
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twelve hours. Wheel 4 has twice as many cogs and thus
turns once in a day. To A is attached a pin which works
in a slot in the three-armed lever N. This lever is thus
moved to the right and to the left in the course of a day.
The wheel B has seven teeth and to its arbor i1s attached
the hand which on the dial is to indicate the day of the
week. It is evident that it i1s moved forward one cog each
day. It is held in place by the ratchet and spring at E.
The wheel C has
31 cogs and to its
arbor is attached
the hand which on
the dial is to indi-
cate the day of the
month. It is evi-
dent that it is
moved forward one
cog each day. It
is held in place by
the ratchet and
spring at F. To
the wheel C is at-
tached a pin which
at the end of each
revolution pushes
the lever G and
advances the wheel
FIG. 154 —SIMPLE CALENDAR MecHanism. D one cog.  This
(From GoobricH, The Modern Clock.) wheel has twelve

cogs and to its ar-

bor is attached the hand which on the dial indicates the
month. It i1s also held in place by a ratchet and spring
at H. It will be seen that at the end of all short months
the day of the month hand must be set forward and
made right. It will also be seen that the calendar work
goes forward by jumps as it should and not by a steady
motion, as is the case with the hour, minute, and second

hands.
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The automatic calendar mechanism is shown in Fig. 155.
The action is evident when one considers that one wheel
turns in a day, one in a month, and one F in four years.
The short months and leap year are taken account of by
the notches of different depths in the otherwise smooth
periphery of the four year wheel. These allow the projec-

FIG. 155. — AUTOMATIC CALENDAR MECHANISM.
(From SAUNIER, Treatise on Modern Horology.)

tion on M to come back farther to the right and thus more
pins are pushed forward.

The moon pbase attachment is not often added to
clocks at present. It is often found, however, in the old
grandfather clocks and new ones built on the old lines.
It sometimes takes the form of a hand moving over a dial
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and indicating the moon’s age reckoned from new. It
more often takes the form of a moon which appears to
gradually come into view through a circular opening, be—
comes fully visible, and then gradually disappears again,
thus in a way actually showing the changmg phases of the
moon as they occur. The last method is often spoken of as
the Brocot form. This 1s in honor of Achille Brocot, a
very skillful clockmaker of Paris who was born in 1817 and
died in 1878. Sometimes the moon moves into view from
behind a semicircular disc, becomes fully visible and then
slowly disappears' behind another semicircular disc on the
other side. This is the more usual way in modern grand-
father clocks. The phases of the moon are shown in con-
nection with quite a few of the grandfather clocks illustrated
in Chapters X and XX.

Perhaps a slight digression is necessary here to take up
the changes in the phase of the moon. Four phases are recog-
nized: new, first quarter, full, last quarter. From new to
first quarter the moon appears as a crescent; from first
quarter to full it is gibbous; from full to last quarter it is
gibbous; from last quarter to new again it is a crescent.
The average time from new moon to new moon again, or
from full to full, is 29.530588 days or 29 days, 12 hours,
44 minutes, 2.8 seconds.

If a hand is to move over a dial the problem is to make it
complete its revolution in this time. The simplest possible
approximation to it is to place a single tooth or pin on an
arbor turning in twelve hours, which drives a wheel of 59
teeth by jumps. This would make the time of revolution
294 days, which is only a rough approximation. The two
following are very much better and in fact fairly close to
the time: a pinion of 6 or an arbor turning in one hour,
driving a wheel of 91, with a pinion of g on its arbor driving
a wheel of g1, with a pinion of 37 on its arbor driving a
wheel of 171; or a pinion of 15 on an arbor tummg in 24
hours, driving a wheel of 98, with a pinion of 25 on its arbor
driving a wheel of 113.

In the Brocot form there is a circular disc painted white,
- cream, or gilt with three dark blue circles on it. This
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shows through a circular opening in the dial (see Fig. 157).
This disc turns in three lunations, that is, in 3 X 29.530588
days. It is moved by a pinion of 10 on an arbor turning in
a week, driving a wheel of 84, with a pinion of 75 on its
arbor driving a wheel of 113.

In another form of the moon phase mechanism the cir-
cular disc has two bright moons on a dark background and
turns once in two lunations. This is the method when the
moon swings into view from behind a semicircular disc.

The equation of time attachment is almost never added
to a clock at the present time. Most of the people who
use clocks do not even know what the equation of time is.
This was fully taken up in the first chapter and it will be
remembered that the equation of time is the difference be-
tween true solar time and mean solar time, that its largest
value is a little less than 19 minutes, that it is zero four
times a year at ir-
regular dates, and
that its value for
the same date in
different years 1s
very nearly though
not exactly thesame.
The importance of
the equation of time
attachment goes
back to the days
when mean solar
time, not standard
as at present, was
the universal time
and sun-dials, giving
true solar time, were
much used. The
attachment is to be found on many old intricate clocks and a
few grandfather clocks of more recent date. An equation of
time clock nearly always has the calendar attachment as well.

The equation of time is ordinarily indicated by a hand
which moves backward and forward past the XII on the

FIG. 156. — EQUATION OF TIME MECHANISM.
(From SAUNIER, Treatise on Modern Horology.)
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dial and usually has a separately divided arc to give its
value. It might seem that the necessary mechanism would
be quite complicated, but it is really very simple. As
shown in Fig. 156 the mechanism consists essentially of an
irregular kidney-shaped cam y attached to an arbor which
turns once in a year. If it is a calendar clock, then such an
arbor probably exists for the calendar mechanism. A
post s attached to the lever R is held against the edge
of this cam by a spring. The lever has a rack which gears
with a pinion attached to the arbor which carries on the dial

FIG. 157. — THE DIAL OF A CLOCK INDICATING THE MOON PHASES,
THE EQUATION OF TIME, AND A PERPETUAL CALENDAR.
(From SAUNIER, Treatise on Moderm Horology.)

the hand for indicating the equation of time. Thus as the
cam turns, the hand moves backward and forward. The
number of teeth in the rack and pinion is immaterial, as
that will simply determine how far the hand shall swing
each side and thus how the arc should be graduated. The
all-important thing is the shape of the cam, and this must
be so made as to give correct values for the equation of time.

In Fig. 157 is shown a part of a dial indicating the
equation of time, the phases of the moon according to the
Brocot method, and a perpetual calendar. Figs. 155 and
156 show the mechanism necessary for this dial.



CHAPTER XIII

THE HISTORY OF WATCHES FROM 1600 TO 1800

This chapter and the next two are closely related.
This one deals with the history of the watch from 1600 to
1800; that 1s, from the first use of a pocket watch to what is
practically the beginning of modern times. In the next
chapter the history and construction of the individual parts
of watches are considered and the last chapter in this
series of three takes up attachments to watches and com-
plicated watches. If Chapter VIII on the construction of
the watch of to-day and Chapter IX on the history of spring-
driven timekeepers from 1500 to 1658 have been forgotten,
it would be well to read them again as an introduction to
these three chapters. The five chapters which have been
mentioned form a connected treatise on the watch and could
be read independently of the rest of the book.

It will be remembered that the portable timekeeper was
made possible by the invention of the mainspring as the
driving power by Peter Henlein of Niirnberg in 1500. The
first clock-watches were quite large, several inches in di-
ameter and drum-shaped. That is, they looked like cylin-
drical boxes. Later they became smaller and the corners
were rounded off, thus giving rise ‘to the circular watch.
But there was nearly always a projection from the case
opposite the stem. They also became many sided and oval
and the oval ones were spoken of as Niirnberg eggs. At
about this same time (just before 1600) the craze for un-
usual forms and ornate cases was at its height. There
were watches (called toy watches) in the form of books,
death’s-heads, animals, fruit, stars, flowers, insects, pad-
locks, crosses, and cockle-shells. Watches of these differ-
ent kinds were illustrated in Chapter 1X. _

All these were not pocket watches. They were too
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large, the form was too irregular, and furthermore, pocket
watches were not the fashion. Watches were kept on a
table, or attached to the clothing, or worn on chains around
the neck. About 1600 the desire arose for a pockst watch,
and they were immediately made of a form and size to be
so used. Thus the history of the modern pocket watch
begins about 1600. Why there was the sudden desire to
conceal the watch from view cannot be explained. Possibly
it was to secure greater protection. Perhaps it was the
desire for Puritan simplicity in dress. Fobs came into
fashion about this time. The word fob comes from the
German word “‘fuppe,” meaning a small pocket. Pockets
were used before this time. A line in Shakespeare’s ““As
You Like It” runs “And then he drew a dial from his poke.”
This may have been a small sun-dial, but at any rate pockets
were 1n use.

What has been said about putting the watch in a pocket
applies almost entirely to the watches of gentlemen. Ladies
used chatelaines until nearly 1800, and they were a rich
field for ornamentation. If not worn on chatelaines they
were attached to the clothing or “left on a table” —a
custom which has persisted even to the present day.

The pocket watch in 1600 was usually many-sided, oval,
or circular in shape and not large in diameter. It was
fairly thick, however, as compared with the modern watch.
There was usually but one case made of brass but sometimes
of gold or silver. It was chased and engraved and some-
times pierced to show the dial numbers. There was but
one hand and the dial was usually of brass. Both the
front and back covers of the case were often hinged. Then
the movement was held in the case by means of little pins
extending from the dial and fitting into corresponding
sockets in the case. Sometimes only the front cover was
hinged. Then the movement was also attached by a hinge
so that it could be raised up for winding. The watches il-
lustrated in Figs. go to 93 and 102 to 105 may be considered
typical of the appearance of the watch when it first began
to be carried in a pocket.
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The watch movement was made of brass and steel.
The mainspring was nearly always provided with the fusee
invented by Jacob Zech of Prague in 1525. The watch
usually ran from twelve to sixteen hours. The time train
consisted of one less wheel and pinion than the modern
watch contains. The controlling mechanism consisted of
foliot balance, verge, and crown wheel. There was no
balance spring to control the motions of the balance. Pos-
sibly a straight hog’s bristle was used in a few watches to
curb the motions of the balance. There was only the hour
hand, so there was no motion work. Screws which had
come into use about 1550 were used to fasten various parts
of the movement together, but wedges and pins were still
in common use. There were no jewels.

These watches were very often striking or alarm watches
and sometimes had calendar, moon-phase, and equation of
time attachments. The accuracy was small. It is doubt-
ful if they would run much better than an hour or two a day.

In tracing the development of these first pocket watches
of 1600 down to the present day, it will be better to take
up the changes in the case and in the movement separately.

Watch cases from 1600 to 1800. — Watch glasses began
to be used about 1610. At first they were flat and rather
thick and held in place by split bezel rings. Later they
became higher and more rounded. Until modern times,
however, they do not play an important part. Glasses
were used for clock-watches and table clocks a little earlier
than for pocket watches. They were used both as coverings
for the dial and as side panels for the cases.

The shape of the case also changed greatly just after
1600. It will be remembered that the circular watch had
made its appearance just before 1600, but that there was
nearly always a projection from the case opposite the stem.
By 1650 practically all watches were circular watches and
the projection had disappeared. They were now pocket
watches and had the form of the watch of to-day.

A tremendous change in the casing of watches was
brought about by the use of enamel and enamel painting.
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Shortly after 1600 enamel began to be used and enamel
painting came in just before 1650. For the next century
and more, watch cases were adorned with the most beautiful
miniatures. They were to be found on both the outside
and inside of the case, around the edge, and on the dial.
The enamel painters of Paris and of Blois in France seem
to have been especially skillful and perhaps the two brothers
Jean Pierre and Ami Huaud (Huaut or Hualt) are better
known than any others. Eight of these watches are pic-
tured in Figs. 158 to 165.

Description: Fig. 158 — A watch by Auguste Bretoneau
of Paris — date about 1638 — beautifully enameled case
with four scenes representing the chase of the Calydonian
bear — small huntlng scenes around the edge of the watch —
two cherubs in landscape within the numeral ring —
2§ inches in diameter. Fig. 159 —A watch by Goullons
of Paris — two representations of the Holy Family, the rest
are landscapes — 2} inches in diameter. Fig. 160 — A
watch by Goullons of Paris — date about 1680 — four
scenes from the story of Antony and Cleopatra — around
the edges are landscapes — within the numeral ring two
women with a cornucopia of fruit — diameter 2} inches.
Fig. 161 — Movement signed G. Gamod a Paris — date
about 1660 — a scene from the story of Antony and Cleo-
patra. Fig. 162 — French, seventeenth century — scenes
outside are from the story of Rebekah at the well — those
on the inside show landscapes. Fig. 163 — A watch by
Chevalier & Cie of Geneva — date about 1750. Fig. 164 —
A watch by Abraham Louis Bréguet — date about 1800.
Fig. 165 — The dial and inner case show landscapes — maker,
Nicholas Bernard i Paris — date about 1700 — diameter
24+ inches. The first five watches are in the Metropolitan
Museum of Art in New York City, a part of the J. Pierpont
Morgan collection. The next two are in the Museum of
Fine Arts in Boston. The last one is in the South Kensing-
ton Museum in London.

It must not be thought, however, that all the pocket
watches during this period had enamel cases. It was the
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prevailing fashion, particularly in France, but there were
plain cases of brass, silver, or gold.

A great many of the artistically decorated enamel
watches and practically every watch with a plain case was
provided with an outer protective case to keep it from being
marred and scratched. Thus during this period watches
came to have two cases, often called pair cases.

The loose outer or protective case was made of brass or
wood, or of tortoise-shell, fish skin, or shagreen. When
these soft materials were used they were generally placed
on a metal foundation. Brass and shagreen were probably
the favorites. Sometimes there was in addition a thin
inner case, usually of gold, to hold the movement. If the
movement was held in this way, then the watch had three
cases.

If the protecting case was of brass it was usually chased,
so that the figures stood out in bold relief. This is known
as repoussé chasing.

Shagreen is either horse hide or shark skin finished in a
peculiar way and colored green. Britten says: ‘“The true
shagreen is a remarkably tough kind of leather, made chiefly
at Astrachan from the strong skin that covers the crupper
of the ass or horse. In its preparation a peculiar roughness
is produced by treading into the skin hard round seeds,
which are shaken out when the skin has been dried; it is
then stained green with copper filings and salammoniac,
and the grains or warts are then rubbed down to a level
with the rest of the surface, which thus presents the ap-
pearance of white dots on a green ground. The skin of the
shark and of various other fishes, when properly prepared,
formed an excellent covering, being thin and durable.
This if dyed green was also known as shagreen.”

When tortoise-shell, fish skin, or shagreen was used it
was ordinarily studded with silver or gold nails in geo-
metric or other patterns. This is called piqué ornamenta-
tion. In Figs. 166 to 169 a few of these protective outer
cases are shown.

Description: Fig. 166 — A watch by Thomas Tompion,
London, 1639-1713 — inner case of silver, perfectly plain —
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outer case of red tortoise-shell piqué with silver studs and
decorated with design in silver of wreath — 2} inches in
diameter. Fig. 167 — An alarm watch by Edward East,
London, 1615-1701 — outer case of leather piqué with
silver stars and crescents — rows of holes in order that the
alarm might be heard — 24 inches in diameter. Fig. 168 —
A watch by Nicolas Massy of Blois, 1623-1683 — outer case
of leather piqué with gold studs — diameter 1§ inches.
Fig. 169 — A watch by Daniel Quare, London, 1649-1724 —
inner case plain silver, outer case brown leather piqué with
gold and silver studs — 2} inches in diameter. These
watches are all in the Metropolitan Museum of Art in New
York City, a part of the Morgan collection.

In Figs. 170 to 172 are illustrated three watches in plain
cases and the protective outer case which goes with each.

Description:  Fig. 170 — An oval watch by Samuel
Linaker, London — date about 1610 — inner case plain
silver — outer case also plain — 1§ by 1 inches — Lin-
aker was one of the first assistants of the Clockmakers’
Company. Fig. 171 — A repeater watch by Thos. Mudge,
London, 1715-1794 — inner case plain, outer case tortoise-
shell with pierced goldwork — diameter 6.7 cm. Fig. 172
— A watch by Richard Street, London, about 1715 — the
outer protective case 1s of shagreen.

The first watch is in the Metropolitan Museum of Art
in New York City and the last two are in the Museum of
Fine Arts in Boston.!

Between the outer protective case and the inner case a
little circular pad of velvet or muslin was inserted. The
muslin was often adorned with needlework. A circular
piece of paper called a ‘“watch paper” was sometimes used,
and on these appropriate rhymes were inscribed. Collec-
tions of these watch papers have been made. Some watch-
makers furnished them free of charge as advertisements.

The elaborately decorated enamel watches continued to

1 Other illustrations from other collections and from museums in foreign
countries could have been chosen. The preference has always been given to
American public collections, as these are more accessible to the readers of this
book.
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The persistency of the older forms. — Although enamel
painting came in just before 1650 and for more than a cen-
tury continued to be a fashionable and much desired method
of ornamenting a watch case, it must not be supposed that
the earlier forms of watch cases fell at once and completely
out of use. This is never the case. The older forms al-
ways persist alongside of the new. Oval watches and “toy”
watches continued to be made. In fact it is probably dur-
ing this later period that the most artistically pleasing and
mechanically perfect examples are to be found. One is il-
lustrated in Fig. 173, page 222. It is in the form of a red
enameled bug set with diamonds and with emerald eyes. It
1s 4.4 inches long and 2.5 inches wide, and was loaned to the
Museum of Fine Arts of Boston by Mrs. Eman L. Beck.

Changes in the movement also took place during these
two centuries and they greatly increased the accuracy of
running. The first change which was only a slight one was
the introduction of the flexible chain instead of the catgut
on the fusee by Gruet, a Swiss, in 1664, or perhaps earlier.
The fusee continued to be used with the mainspring during
this period in most watches. It is only in modern times
that it has been abandoned. Mainsprings are now better
made, they are much longer, and the adjustment to isoch-
ronism is made in the hairspring, so that the fusee is no
longer necessary.

The next great improvement was the introduction of the
balance spring (now often called the hairspring) in connec-
tion with the balance. At first, shortly after 1600, there
were a few watches in which a straight hog’s bristle was
used to curb the motions of the balance. In 1658 Robert
Hooke began experimenting with a straight metal spring to
replace the hog’s bristle. In 1674 John Hautefeuille and
Christian Huygens independently of each other used a
spirally coiled metal spring which was a great improvement.
There is a controversy as to who first invented the balance
spring. Perhaps it would be better to say that the balance
spring was invented about 16735, due to the experiments of
Hooke, Hautefeuille, and Huygens. Later, as the escape-
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ment improved, it was made smaller and longer and given
more turns until it became the balance spring as it is used
to-day.

The greatest improvements were made in the most vital
part of any timekeeper, namely the escapement. The cyl-
inder escapement to replace the old verge escapement
which had been in use for so many centuries was invented
by Thomas Tompion in 1695. It was much improved by
George Graham in 1720. In 1724 the duplex escapement
was invented by Jean Baptiste Dutertre. This was im-
proved by Pierre LeRoy in 1759. In 1750 the detached
lever escapement was invented by Thomas Mudge. Many
other escapements were thought out and used to a slight
extent, but these three, the cylinder, the duplex, and the
detached lever, were destined to stand the test of time and
are to-day the only escapements used in watches.

In 1700 or a little later, the use of jewels was introduced
by Facio (or Facie), and this was destined to greatly in-
crease the accuracy of running.- Nicholas Facio, a native
of Basle, was born in 1664 and came to England in 1687.
Just before 1700 he was elected a Fellow of the Royal
Society. In 1704 a patent was granted to Nicholas Facio,
Peter Debaufre, and Jacob Debaufre for the use of jewels
in the pivot holes of watches and clocks. Shortly after they
applied to Parliament for a Bill to extend their patent.
This they did not secure and the chief evidence against
them was an old watch by Ignatius Huggeford, which had
a stone fixed in the balance cock. The interesting part of
the story is that years later when the Huggeford watch was
carefully examined 1t was found that the stone was an
ornament only and was not a watch jewel in any sense.
Facio settled in Worcester in 1720 and died there in 1753.

The use of jewels and the newer escapements so greatly
increased the accuracy of watches that about 1700 the
minute hand and the under-the-dial mechanism began to be
added to watches. The second hand came still later, when
the accuracy had further increased.

These two centuries, then, from 1600 to 1800, saw the
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discontinuance of the fusee, the introduction and develop-
ment of the hairspring, the substitution of better escape-
ments, the use of jewels, and the introduction of the minute
and second hands. The watch has become practically the
watch of to-day.

The accuracy of antique watches. — This is a question
which is easily raised but not easily answered. It is usually
considered that De Vick’s clock of 1360 kept time within
about two hours a day. The clock-watches of 1500 had
exactly the same escapement and construction. The es-
capement consisted of the foliot balance, verge, and crown
wheel. In a clock-watch, since the parts were so much
smaller, the relative accuracy in their construction was
probably less than for a large clock. One would thus ex-
pect them to keep poorer time than a clock, that is, to keep
poorer time than a couple of hours a day. No wonder that
sun-dials, sand-glasses, and water clocks were preferred!

A great improvement in accuracy was brought about by
the introduction of the balance spring, which took place in
1674. It is thus a very interesting question as to how ac-
curately the watch ran in 1700. Of course it would make
a very great difference whether the watch was carried in
the pocket or on the person or left quietly on a table. There
are practically no statements in memoirs or old diaries to
show how accurate watches were at this time.

The Souvenirs of Duguay-Trouin,! as Professor Bouasse
of the University of Toulouse has so interestingly brought
out, throw some light on the subject. In 1703 he had
gone with five important war vessels to prey upon the
Dutch fishing vessels off the shores of Spitzenburg. In sum-
mer, in latitude 81° (the sun would be visible all day long),
he was caught in a verv dense fog and for nine days could
not see the sun or form any idea of the time of day. He
was using as timekeepers sand-glasses which had to be
turned every 30 minutes. At the end of the nine days,
when the sun appeared, their time was in error by 11 hours.
The thing to note is that in 1703 on this important naval

1See L’ Horloger, November, 1920.
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expedition they did not take a single watch, but preferred
the sand-glass. It must thus be assumed that the watch
of the time was keeping worse time than a sand-glass.
This would mean that watches were doing worse than an
hour a day.

During the first half of the eighteenth century (1700 to
1750) came jewels and the modern escapements, and the
accuracy must have been tremendously increased. We
know the accuracy of Harrison’s chronometer is 1761 (see
Chapter XVI). This was a fourth attempt and represented
the work of a lifetime. It was of course much more accurate
than the watch of the time, and in addition was carefully
tended during the trips. It throws an interesting light, how-
ever, on the accuracy at that time. On board the “Dept-
ford” from Portsmouth to Port Roval, Nov. 18, 1761, to
Jan. 18, 1762, and on board the ‘“Merlin,” from Jamaica
to Portsmouth, Jan. 28, 1762, to April 2, 1762, the chro-
nometer had changed but 1™5°. On board the “Tartar” to
Barbados, March 28, 1764, to May 13, 1764, and on board
the “New Elizabeth,” from Barbados to Surrey Stairs,
June 4, 1764, to July 18, 1764, it was found that, after allow-
ing for the supposed rate of one second a day gaining, the
chronometer had gained 54°. This chronometer thus ran a
little better than a half second a day — almost modern ac-
curacy.

Collecting antique watches. — Antique watches are
scarce and very valuable and for this reason most of them
are in museums or the private collections of the rich or at
least the very well-to-do.

No antique watch is a good timekeeper. An antique
watch must thus be valued as a work of art and something
from the past and not as an accurate timekeeper. For this
reason comparatively little attention is paid to the condi-
tion of the movement in estimating the value of an antique
watch. The case must be artistically pleasing and in good
condition. Anything that is ugly, or of poor workmanship,
or broken is thus of comparatively little value. This does
not mean, of course, that no attention whatever is paid to
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the condition of the movement. It is always more pleasing
and valuable if the movement is in running order.

To determine the age of an antique watch is not always
easy. Sometimes the watch is dated. The danger here is
that the old date has been added later with fraudulent in-
tent. Often the watch carries the name of the maker and
this can be found in lists of makers and thus the approxi-
mate date determined. If of English make and not too
old, the case may carry a hallmark. This letter will then
give the age. If there is no date, name of maker, or hall-
mark, then the age must be determined by observing care-
fully the movement and case. In connection with the
movement the things to note are the pillars, dial, hands,
balance cock, escapement, fusee, and screws. In connec-
tion with the case, note the size, shape, method of decorat-
ing, form of pendant, and how the movement is fastened in
the case. From these facts a fair idea of the age of a watch
can usually be gained.

Many antique watches have been renovated, recon-
structed, and changed. Sometimes parts of several watches
have been built into one. Sometimes later improvements
have been added. Anything like this detracts tremendously
from the value of an old watch. And it must also unfor-
tunately be added that changes have often been made in
antique watches with fraudulent intent to deceive the un-
wary collector.

It 1s almost impossible to state the current price of an-
tique watches. It depends so much upon the age, the fame
of the maker, the condition of the watch, the jewels used in
the case, and the like. A clock-watch in good condition
with an iron movement dating from 1550 is worth from $700
to $1000. Others are worth from $200 to $10,000. Oc-
casionally a collection 1s dispersed by private sale or auction.
This is, of course, an unusual opportunity to secure antique
clocks or watches and to form an idea of their value. Usually
the same people who deal in antique clocks, deal in antique
watches as well.!

! See page 171.



CHAPTER XIV

THE HISTORY AND CONSTRUCTION OF THE INDIVIDUAL PARTS
OF WATCHES

This chapter is in a certain sense a supplement to
Chapter VIII on the watch of to-day and to Chapter XIII
on the history of watches from 1600 to 1800, for it contains
additional facts and details. The material presented in
these previous chapters will not be repeated here except
occasionally and then only as a brief summary. These
chapters should thus be fresh in mind.

For convenience it will be again assumed that a watch
movement may be divided into four groups of parts, namely,
the driving mechanism, the transmitting mechanism, the
controlling mechanism, and the indicating mechanism.

The driving mechanism. — The driving power is supplied
by a ribbon of steel called the mainspring, which is closely
coiled in a circular metal box, free to rotate, and called the
‘“going barrel.” Every American watch to-day has a
going barrel, but this is not true of all foreign watches and
has not always been true of all American-made watches.
Sometimes the barrel is stationary, in which case it is only
a recess hollowed out in one of the plates which hold the
movement. Then the main driving wheel must be fastened
to the arbor and not to the barrel. Sometimes the barrel
does not turn while the watch is running but is turned
during winding. In all cases one end of the mainspring is
fastened to the inside of the barrel and the other to the
central arbor. Mainsprings vary in length, width, and
thickness, depending upon the size of a watch. A ratchet
and click must always be associated with a mainspring, so
that it will not immediately uncoil as soon as wound up.
The barrel turns once in eight hours, or three times during
the twenty-four hours. The mainspring is usually made of
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such a length that a watch will run forty hours before run-
ning down. In the earliest pocket watches the mainspring
was so short that the watch usually ran but twelve or fifteen
hours. It will be remembered that if a watch has twenty-
three jewels, then the barrel arbor has hole jewels in which
to run. If a watch has less than twenty-three jewels, then
there are no jewels in the driving mechanism.

The use of a mainspring as the driving power was intro-
duced by Peter Henlein of Niirnberg in 1500. It made the
timekeeper portable and thus started the evolution destined
to produce the pocket watch, but, from the very beginning,
there was one difficulty whlch for centuries caused trouble.
A mainspring when newly wound up pulls much harder
than when nearly run down. When the old verge escape-
ment was in use, this profoundly influenced the rate of
running of the watch. The first invention to equalize this
pull was the stackfreed, which was used from 1500 for per-
haps half a century or more. This has been described and
illustrated on page 125. The second invention for equaliz-
ing the pull was the fusee, which was devised by Jacob Zech
of Prague in 1525. This has been described and illustrated
on page 126. It is quite successful and is now used in all
chronometers, a few foreign watches, and many accurate
clocks. It was used in all good watches until 1800, or even
later. It is now omitted as unnecessary because main-
springs are made of better steel; they are longer, so that
only a portion of their action is used; escapements far less
sensitive to changes in the driving power have replaced the
old verge escapement; the hairspring has been introduced
and is adjusted to isochronism. Tapering mainsprings
have also been tried, but they were unsuccessful and soon
abandoned.

There are three other things which are sometimes as-
sociated with the driving mechanism. These are stop
work, maintaining power, and the up-and-down indicator.
The purpose of stop work is to prevent overwinding and
sometimes to make use of the middle portion of a spring
which is too powerful when fully wound up. Such a spring
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should of course never have been put in the watch. Several
forms of stop work have been invented, but the one used in
all watches which have stop work is called the star wheel,
or the Maltese cross, or the Geneva stop. These various
names indicate its origin and appearance. It has been
fully described and illustrated on page-176 in connection
with clocks. Stop work on watches is not common. Prob-
ably less than five per cent of the watches selling for $10 or
more have stop work. Most of the best ones are without it.

The purpose of maintaining power is to keep the watch
running as usual while it is being wound. During winding
the power may be taken off the train to a considerable ex-
tent and thus a watch might lose a few fifths of a second.
The double ratchet form of maintaining power invented by
Harrison (1693-1776) is the one used on all watches which
have it. It has been fully described and illustrated on
page 175. [Extremely few watches made to-day have main-
taining power. With a going barrel it is unnecessary since
the tension on the train is then greater during winding rather
than less.

The up-and-down indicator is very convenient. On the
dial is a little hand which moves over an arc and indicates
how long ago the watch was wound up. The watch pic-
tured in Fig. 72 has such an indicator. Several forms of
the necessary mechanism for moving the hand have been
invented during the last fifty years and are in use by dif-
ferent manufacturers. It is not extremely complicated and
vet it requires quite a few parts.

The transmitting mechanism consists of a train of
wheels and pinions for transmitting the power from the
driving to the controlling mechanism. In the modern
watch it consists of three arbors, each provided with a
wheel and pinion. In the early pocket watches in 1600
there were but two. The first arbor turns in one hour,
the next usually in 7} minutes, the next in one minute,
and the escape wheel arbor in the controlling mechanism
usually turns in six seconds. This would cause the balance
to beat 18,000 times an hour. Sometimes the number of
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beats is 21,600, 19,800, 17,280, 16,2c0, 15,400, Or I4,000.
It depends upon the maker and the size of the watch.

In the modern watch the arbors end in pivots which
run in hole jewels. This has not always been the case,
however. Jewels were first introduced by Facio (or Facie)
in 1700 or a little later. Before that time the pivots simply
ran in holes in the brass plates of the movement. The
introduction of jewels added greatly to the timekeeping ac-
curacy of watches, and the number used in watches has
steadily increased. The maximum number is twenty-three.

The teeth of the wheels have radial sides and epicycloidal
tips and the leaves of the pinions have radial sides and semi-
circular tips. The theory as to the shape of the teeth and
leaves has been given on page 178 in connection with clocks.

It will be remembered that two of the arbors of the
transmitting mechanism are brought forward through the
dial and serve as the points of attachment of the hands.

The controlling mechanism is the most vital part of a
watch and it is but natural that more improvements have
been made here than anywhere else. In 1600 the pocket
watch had a foliot balance, verge, and crown wheel as the
controlling mechanism. During the three centuries from
1600 to the present time, three tremendous improvements
have been made in the controlling mechanism. The bal-
ance has been improved, the hairspring has been intro-
duced and improved, and the verge and crown wheel have
been replaced by far better modern escapements. These
three lines of improvement must now be considered.

The balance used in 1600 was plain and of one kind of
material, usually steel. The balance of to-day consists of
an inner rim of steel to which is fused a thicker outer rim
of brass. The rim is cut through in two places near the
arms of the balance and there are a number of screws which
are inserted in the rim. A balance constructed in this way
compensates for temperature changes both in itself and in
the hairspring and can be adjusted to position. These are
two very important things which could not be accomplished
with the old balance. These modern balances have not
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been in use very long. The first experiments began more
than a century ago at the hands of Harrison, LeRoy, and
Arnold, but the general introduction of these compensated
balances into pocket watches took place less than forty
years ago.

Although a balance wheel made of steel and brass is
used in practically all American factory-made watches, this
is not the case in most European-made watches of extreme
precision. Here the so-called Guillaume balance is used.
The steel has been replaced by an alloy of nickel and steel
first introduced by Ch.-Ed. Guillaume in 1899. The tem-
perature compensation is more perfect over a considerable
range of temperature. Very recently (1920) so much
progress has been made in the preparation of alloys, chiefly
at the hands of Guillaume, that a perfectly plain, uncut
alloy balance is being tried. Such a balance has decided
advantages. It is more stable and is not so much affected
by changes in the density of the alr, that is, changes in the
barometric pressure. The reason is because less air is car-
ried along with the balance in its movements.

The balance spring, or hairspring, as it is often called,
did not exist in the pocket watch of 1600. The balance
was not controlled. Shortly after this time a straight hog’s
bristle was occasionally used in a watch to curb the motions
of the balance. The balance spring was invented through
the experiments of Hooke, Hautefeuille, and Huygens a
few years before 1700. Since then it has been made longer,
with more turns and of much better steel. Many balance
springs are flat coils, but the outer end in most cases is
brought up and over the rest of the coils, thus producing
what is called an overcoil. This was invented by Abraham
Louis Bréguet (1747-1823). It is claimed that there is less
danger of the coils being caught in the regulator pins due
to a sudden jar and that the adjustment to isochronism can
be made a little easier and more perfectly. Springs of
alloy and of other materials than steel have been experi-
mented with.

Very recently (1920) a new alloy chiefly of nickel and
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steel, introduced by the famous Ch.-Ed. Guillaume of Paris,
and called “élinvar,” gives great promise. It has all the
advantages of steel and at the same time keeps its elas-
ticity unchanged for a considerable range of temperatures.
The hand of progress thus seems to be pointing towards a
plain, uncut alloy balance wheel which shall be insensible

FIG. 174. — A DETACHED LEVER ESCAPEMENT OF THE RIGHT-ANGLED FORM.
(From GARRARD, Walck Repairing.)

to temperature changes and an alloy spring whose elasticity
shall be independent of temperature as well.

The pocket watch of 1600 had a verge and crown wheel
escapement which was very sensitive to changes in the pull
of the mainspring and could not make a watch an accurate
timekeeper. Between 1650 and 1700 experiments began to
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be made looking to the introduction of a better escapement.
From that time until the present day more than a hundred
different escapements have been devised. To take up all
these in detail would require a very large volume. Of all
these, however, there are only four which have had any
considerable use and have survived. These four are the
cylinder escapement invented by Tompion in 1695 and im-
proved by Graham in 1720; the duplex escapement invented
by Dutertre in 1724 and improved by LeRoy in 1759; the
detached lever escapement invented by Mudge in 1750;
and the chronometer escapement invented by Pierre LeRoy
in 1765 and perfected by Earnshaw and Arnold about 1780.
And of these four the cylinder escapement and the duplex
escapement, particularly the latter, are fast going out of
use. The chronometer escapement is used in a few high- |
grade watches. These are often called pocket chronometers.
It is primarily the escapement of the chronometer and will
be treated in the chapter devoted to that timekeeper.

The detached lever escapement of the so-called straight
line form is used in every American-made watch to-day and
this was fully described and illustrated in Chapter VIII.
Another form is much used in foreign watches, particularly
English. This is illustrated in Fig. 174 and its action is
essentially the same as that of the straight line form. It
consists of an escape wheel 4 with 15 ratchet teeth; the
lever C; and the roller D with the ruby pin at F. The two
pallets are shown at B with locking faces H and impulse
faces I and the two limiting banking pins are shown at /.
This is a single roller escapement and the guard pin is
shown at G. It will be seen that it has exactly the same
parts as the straight line form.

A modern cylinder escapement is illustrated in Fig. 175,
where both a horizontal and a vertical section are shown.
The escape wheel B has fifteen very peculiar teeth. Each
one is a little triangle supported by a short upright stem
rising from the periphery of the escape wheel. The cyl-
inder shown at A4 is hollow and made of steel. For a little
distance nearly half of it has been cut away. The hair-
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spring and balance (not shown) are of course attached to
this cylinder. The size of the teeth and the cylinder must
be very nicely adjusted to each other, for at times the cylin-
der i1s between two teeth of the escape wheel and at times a
tooth is inside the cylinder. The action of the escapement
can be traced out in the diagram. At A4 the cvlinder is
moving to the left (counterclockwise) and soon the point
of the teeth will escape from the inside of the cylinder. As

FIG. 175. — A MODERN CYLINDER ESCAPEMENT.
(From GArrARD, Walch Repairing.)

it escapes it will give the lip of the cylinder an impulse as
at C. The escape wheel now moves forward until the point
of the next tooth strikes the outside of the cylinder and is
stopped. The cylinder will keep on turning until finally
brought to rest by the hairspring. It will then commence
its swing to the right (clockwise) and will eventually come
into the position shown at E. As soon as it has gone a
little farther the point of the tooth passes the lip of the
cvlinder and the tooth begins to escape as shown at D,
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giving the cylinder an impulse. The point of the same
tooth now falls on the inside of the cylinder and stops.
The cylinder swings to the right until stopped by the hair-
spring and then begins to return, thus coming into the
position shown at 4 and completing the cycle of motions.

A modern duplex escapement is illustrated in Fig. 176,
where both a horizontal and vertical section are shown.
The escape wheel 4
has fifteen long pointed
teeth D which are for
locking and escaping
and fifteen short up-
right teeth or pins C
which are for giving
the impulse. The bal-
ance staff for part of
its length consists of a
ruby roller £ with a
vertical groove in it.
There is also attached
to the balance staff a
long arm with the
pallet B for receiving
the impulse. As shown
in the diagram the
ruby roller is moving
to the left (counter-
clockwise) and the long
pointed tooth is about
to escape from the groove. As soon as it passes out, the
escape wheel begins to turn and as the short upright tooth
strikes B it gives it an impulse. The escape wheel con-
tinues to rotate until the next long tooth strikes the outside
of the ruby roller and is stopped. The ruby roller moves
on to the left until stopped by the hairspring and then
begins the return trip. During the whole of this return
nothing happens except the long tooth falls into the groove
in the ruby roller. In this escapement a tooth escapes

FIG. 176.— A MODERN DUPLEX ESCAPEMENT.
(From GarrARD, Walch Repairing.)



238 Time and Timekeepers

entirely and an impulse is given only during the swing to
the left. No impulse is given or tooth escapes during the
return vibration. It is called a duplex escapement on
account of the double set of teeth.

Of the three escapements which have been described the
detached lever is the best for good watches. The balance
is entirely free from the escape wheel for most of its swing
and is in connection with it only to unlock a tooth and re-
ceive an impulse. It is also an escapement which is very
certain in its action. Oil must, however, be applied to the
pallets and this in time thickens and affects the rate of
running. The cylinder and duplex escapements are both
frictional escapements. This means that some part of the
escape wheel is in contact with the balance arbor or some-
thing connected with it all the while. A frictional escape-
ment is somewhat less affected by inequalities in the force
transmitted by the train than a detached escapement and
this 1s an advantage. In a cylinder escapement oil must be
applied to the inside of the cylinder and to the teeth of the
escape wheel. In a duplex escapement oil must be ap-
plied to the ruby roller and to the point of the impulse
pallet.

It is interesting to note in connection with these escape-
ments that the cylinder, which was invented in England,
found great favor in France and Switzerland and the
duplex, which was invented in France, was more used in
England.

The indicating mechanism consists of the hands and dial
and the motion work or under-the-dial mechanism. The
pocket watch of 1600 had only one hand, namely, the hour
hand. The concentric minute hand came into general use
about 1700 or a little later when jewels, better escapements,
and the like, had much improved the accuracy of running.
Previous to that time a few watches had been made with
minute hands but they were often not concentric and fur-
thermore, they represented only isolated examples by some
famous watchmaker and not a general practice. The mo-
tion work came into existence when the concentric minute
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hand made its appearance. It enables the hour hand to be
driven by the minute hand and it also makes possible the
easy setting of a watch. The second hand came still later,
when the accuracy was further improved.

The dials of the early watches were made of brass, gold,
or silver. They were often decorated with chasing and en-
graving. When enamel painting was at its height, the dials
were also treated in this way. The plain white or bluish
white enamel dial came into use about 1700. Until very
modern times Roman numerals were used and the bottoms
were towards the center, so that some of them were upside
down. IIII is also almost always used for IV.

Dials are at present often spoken of as ‘“double-sunk”
or “triple-sunk’ dials. In a triple-sunk dial, for example,
the portion of the dial around the center i1s below the level
of the rest of the dial and the portion around the second
hand is still lower. The purpose of this is to allow a little
more room so that there is less chance of the hands catching
on each other or scraping the cover glass.

Tourbillon or Karrusel watches should perhaps receive a
brief notice here. It is an arrangement of the train and es-
capement invented by Bréguet. The escapement is mounted
in a light steel frame and revolves around the fourth wheel.
The escapement thus comes into all positions and position
errors are to a great extent eliminated. Bréguet’s arrange-
ment has been slightly modified by others since his time.
But very few of these watches are manufactured and they
are all foreign watches. In fact it is sometimes stated that
they are so complicated that almost no one knows how to
make them at present. It is an instance when in theory it
seems like a wonderful invention, but in practice it is so
complicated that more troubles are introduced than cured.

Keyless watches. — Stem winding and stem setting
watches did not come into general use until fifty years ago
or even later. Before that time it was necessary to open the
case of a watch to set it or wind it up. This was done by
means of a watch key and some of the early watch keys
were things of beauty as well as use. They were quite
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large and elaborately ornamented. In many museums col-
lections of old watch keys will be found.

Keyless watches were occasionally made as early as
before 1700, but they were always unique examples by some
especially ingenious person. It was well past 1800 before
various devices began to be patented to do away with the
key and those used on modern watches are usually less than
fifty years old.

The early keyless watches were not all stem winding
watches in the modern sense. Sometimes they were wound
by moving round a projection on the side of the watch.
Sometimes the stem was pushed in and pulled out with a
kind of pumping action. The credit for inventing the
shifting sleeve keyless mechanism is usually given to Adrien
Philippe in 1843. The rocking bar mechanism was patented
by Gustavus Hughenin in 1855.

'Watch pillars and balance cocks. — There are two other
parts of a watch movement which in the past were much
ornamented but are now plain and for use only. These are
watch pillars and balance cocks.

Watch pillar is the name applied to the posts which
hold the two plates of a watch movement together. At
present they are simple cylindrical pieces of brass and can
not be seen unless a movement is taken out of its case. In
the early days of watches they could be seen when a hinged

“watch movement was lifted up to be wound. Then they
were quite elaborately decorated and eight or ten well-
known forms are recognized.

The balance cock is the projecting bar which holds one
end of the balance arbor. This too in the early days of
watches was made large and beautifullv decorated. It was
sometimes of brass, pierced, and heavily gilt. Sometimes
an enamel painting was placed on it. At present in a
watch movement they are no larger than necessary and never
especially ornamented.

Clocks which are built like watches. — At the present
time there are literally millions of clocks which are always
called clocks and are clocks in the modern sense of the
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term, but they are built exactly like watches. The cheap
nickel alarm clock which sells at prices ranging from 50 cents
to $3.00 belongs to this class. There are also many so-called
French clocks or traveling clocks which are unusually good
timekeepers and belong here. There are also many other
styles and varieties.

It will be remembered that it was the invention of the
mainspring in 1500 which produced the portable time-
keeper. It was called the clock-watch and was spring-
driven and balance controlled. This clock-watch developed
in about a century into the pocket watch and into the
so-called table clock. In 1658, when the pendulum was
invented, it was immediately applied to all clocks, as the
accuracy was so much increased. From 1658 on all clocks
were pendulum clocks and practically the only balance con-
trolled timekeepers were pocket watches. Thus during this
whole period from 1658 to well past 1800, when factory
methods began to be employed in making timekeepers,
there were almost no sprmg-dnven, balance-controlled
clocks. The many improvements in watch mechanism
caused this enormous modern production of clocks built like
watches.

In the modern factory-made nickel alarm clock, the
mainspring is not placed in a going barrel. One end is
firmly fastened to a post attached to the plates which hold
the movement. The other end is attached to the arbor.
This is the winding arbor and it extends through the back
of the clock and to it is attached the winding piece. The
main driving wheel rides free on this arbor and is attached
to it by means of the ratchet and click. In the time train
the pinions are nearly always lantern pinions. The escape-
ment is always some form of the detached lever escapement.
The right-angled form is particularly common. Of course
there are no jewels. The jewels in the escapement are re-
placed by steel and the arbors end in pivots which run in
holes in the brass plates of the movement. If one does
not understand from the pictures and description the con-
struction of the watch there i1s no better way to learn it



242 Time and Timekeepers

than to take apart and study carefully a cheap alarm clock.
And nearly every family possesses two or three which have
been discarded.

The modern so-called French clock or traveling clock is
usually well made. It often runs a week, sometimes
strikes the hours, or is a repeater. The spring is generally
contained in a going barrel and the pinions are solid with
leaves. The escapement is very often the cylinder escape-
ment and there are sometimes a few jewels. These clocks
often have glass panels in the cases so that the movement
can be seen and studied.



CHAPTER XV
THE ATTACHMENTS TO WATCHES AND COMPLICATED WATCHES

The more usual attachments to watches are the strik-
ing, chiming, alarm, repeater, chronograph, calendar, moon
phase, and equation of time attachments. At present in
modern watches the repeater, chronograph, and calendar
attachments are the ones most desired; the moon phase
and alarm attachments come next; the others have almost
entirely gone out of use. In the case of antique watches,
the striking, alarm, and calendar attachments were the
most usual.

Some watches are unusual in the way the hours or min-
utes are indicated or in other ways.

Watches are sometimes very complicated, playing tunes
at certain times, having automatic figures, or possessing a
large number of the attachments.

This chapter is given over to the consideration of these
attachments and unusual and complicated watches.

The striking, chiming, and alarm attachments. — Some
watches strike the hours in regular course and thus differ
entlrely from repeaters which strike when a projecting
slide is moved round or the pendant is pushed in. These
are sometimes called clock-watches, although it would
probably be better to keep that designation for those early
sixteenth century watches which were really more like clocks
than watches. This attachment was very common in the
earliest watches but is almost never added to a watch made
to-day. During the first century in the history of watches,
from 1500 to 1600, probably more than half of the watches
were striking watches, but the percentage has steadily de-
creased, and now there are almost none made. The mech-
anism used at present is always the rack and snail and very
similar to the corresponding mechanism in a clock. There
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are two trains and two mainsprings, but they may both be
wound up by the same keyless winding mechanism turning
forward to wind one spring and backward to wind the other.
One thing should be held in mind. A watch comes into all
positions so that gravity can not be depended upon to cause
.any part to fall into its proper place if released. Each part
must have its spring to push it into the proper position
when released. This 1s why one of these watches with at-
tachments seems a mass of springs and levers to the un-
initiated. A striking watch can be easily made a repeater.
All that is needed is an arrangement so that pushing some-
thing outside will release the striking train inside. Of
course, if a striking watch were repeated too often the strik-
ing part would run down before the time part. Briefly
expressed, then, a striking watch contains on a small scale
the rack and snail striking mechanism of a clock.

Some watches strike the quarters and even chime be-
fore the hours. The mechanism is very similar to that
used in clocks for the same purpose.

There are also alarm watches and these again have prac-
tically the mechanism of an alarm clock.

What was said about the popularity of the striking at-
tachment is also true concerning the chiming attachment.
The alarm attachment is a little more desired than the other
two. No one of them, however, is in any great favor.
There are four reasons for this. In the first place, it is so
much more expensive to have watches with attachments
cleaned and repaired. Again, attachments nearly always
cause a watch to keep poorer time and the great desire
to-day is for an accurate timekeeper. In the third place,
nickel alarm clocks have become so small and cheap, and,
fourthly, a watch can hardly make noise enough to be
easily heard unless careful attention is paid to it.

The repeater attachment is one of the most desired of
all the attachments. When a projecting slide in the edge
of the case is pushed round a short distance or the pendant
is pushed down, the hour, quarter, etc., last indicated by
the hands are struck on one or two gongs. This will be
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repeated as often as the mechanism is started. There are
hour repeaters, quarter repeaters, half-quarter repeaters,
five-minute repeaters, and minute repeaters, the mechanism
becoming more and more complicated with the exactness of
the time indicated. In the hour repeater, the hours are
struck on one gong. The other forms make use of two
. gongs. In the minute repeater, for example, the hour is
struck on one gong, the quarter with quick double ting-tang
blows on the two gongs, and the minute on the second gong.
Repeating watches were invented by Edward Barlow
or Daniel Quare just before 1700. It was Barlow who in-
vented the rack and snail striking mechanism for clocks in
1676, and with this mechanism clocks could be made to
repeat easily. Both Barlow and Quare applied the mech-
anism to watches and applied for a patent. The British
Government decided in favor of Quare in 1687. During
the next century many repeating watches were made, but
the number has decreased at present, as the whole tendency
now is against watches with attachments. Nevertheless, it
is at present one of the most desired of all the attachments.
The mechanism is quite complicated and not the same
with all modern makers. The underlying principles are,
however, the same. Repeaters are all built after the general
plan of the rack and snail striking and chiming clock. The
hour repeater is naturally the simplest and that will be de-
scribed first.  When the slide is moved round or the pendant
1s pushed down, the rack is released and its spring pushes it
against the snail, which has twelve steps and is fastened to
an arbor turning in twelve hours. A small secondary
mainspring is also wound up and this supplies the power
for the repeating action. This mainspring now returns the
rack and, in so doing, strikes the correct number of blows
on the gong. If the slide is again moved round, the hour is
repeated. The quarter and five-minute repeaters require
two snails with their appropriate racks. There is the hour
snail as before and in addition a snail with either four or
twelve steps fastened to an arbor turning in one hour.
The minute repeater uses three snails. There is one for
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the hour and one for the quarter and in addition there is a
four-armed snail, each arm having fourteen steps fastened
to the same arbor as the quarter snail. This is for striking
the minutes in each quarter. There must of course be in-
tercommunication between the various racks and snails, so
that each will function in the proper order. Fig. 177 gives
a view of the mechanism of a modern quarter repeater.

FIG. 177.— A MODERN QUARTER-HOUR REPEATING WATCH MOVEMENT.
(From SAUNIER, Treatise on Modern Horology.)

Most of the parts which have been mentioned can be made
out. L is the hour snail and / the snail for the quarters.

The hours, quarters, etc., are actually struck by small
steel hammers on circular wire gongs which run around the
movement just inside the case. To regulate the speed of
striking there is sometimes a striking train ending in a fly
or even an escapement. lhere are also so-called “dumb”
repeaters which really make no sound. There is only a
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dull thud as the hammer strikes a steel block on the inside
of the case.

The chronographic attachment and stop watches. — If a
watch has a chronograph attachment there is a center-
seconds hand which can be started, stopped, and then
caused to fly back to zero by pressing the pendant or a knob
on the rim of the watch case. The purpose of this attach-
ment is to find the duration of some event. The center-
seconds hand is attached to a wheel with a serrated or
roughened edge which rides freely on the center arbor.
This is driven by another wheel with serrated edge which is
mounted on a pivoted arm or carriage, so that it can be
moved enough to bring the two wheels into contact or to
separate them entirely. This last wheel is usually driven
by the fourth wheel of the time train. The vital part of
the mechanism is what is sometimes called the “castle
ratchet.” This is a wheel with four, five, or six projections
or castle teeth rising from its face and three times as many
cogs on its edge. Every time the knob or pendant is pushed
the castle ratchet is advanced one cog. The first push
causes the driving wheel to be moved enough to come in
contact with the wheel attached to the hand and the hand
commences to move. The second push advances the castle
ratchet one more cog and causes two things. The driving
wheel is disengaged and a brake falls on the wheel attached
to the hand, thus holding it firmly in place. The third
push advances the castle ratchet one more cog and causes
two things. The brake is removed and a lever with a
pointed end is pushed by its spring against the heart-shaped
cam, which is attached to the hand. This slides down the
cam until it comes to the point nearest the center. The
hand has thus been set back to zero. The cycle of opera-
tions is now complete and the next push starts the hand
again. This mechanism is usually attached to the lower
plate and is thus to be found directly underneath the dial.

A stop watch is a watch whose function is not to indicate
the time of day but to do what the chronograph attachment
does, namely, indicate the duration of an event. There are
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watch. When it is stopped a little post is advanced until
it comes in contact with the balance wheel and stops it.
When it is started the post is moved back. The hands are
set back to zero by means of the heart-shaped cam and
pointed lever just as in the case of a chronograph attach-
ment. The driving, transmitting and controlling mechan-
isms are just the same as in an ordinary watch.

The split-second stop watch usually has two hands which
are together, one above the other. Sometimes they are of
different materials or colors, so as to distinguish one from
the other. This stop watch is operated exactly like the
chronograph attachment. In fact it is simply the attach-
ment amplified to become a complete watch. The first
push of the pendant starts the hands, the second stops them,
and the third causes them to fly back to zero. These
watches must have the driving, transmitting, and controlling
mechanisms of an ordinary watch in addition to the castle
ratchet and its associated parts. One is illustrated in
Fig. 178. The castle ratchet is located at the upper right-
hand side of the movement. The levers which are actuated
by 1t are all evident. The serrated wheel, which is moved
up against the one which carries the hand, 1s seen at the
bottom. :

The purpose of two hands is this. There 1s a knob at
the side of the watch and, when this is pressed, one hand
stops. When it is pressed again this hand catches up in-
stantly with the other. This enables the time of both
“first” and “second” in any event to be taken with the
same watch. It also enables the time of one lap to be de-
termined without spoiling the record for the whole race.
The mechanism for stopping one hand and then allowing it
to catch up with the other is simple and yet quite delicate.
It 1s pictured in Fig. 179. When the side knob is pressed,
the two curved arms acting like a scissors catch the wheel
attached to the hand and thus hold it fast. When the knob
1s pressed again, their hold on the wheel is released and the
one hand catches up with the other through the operation
of the heart cam and pointed lever which ordinarily hold the
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two wheels together. Stop watches ordinarily have a small
dial with a separate hand for indicating the number of
complete minutes which have elapsed.

A foot ball timer costs from $4 to $15 and is not very
delicate. A double split-second fly back stop watch costs
from $10 to $60 and gets out of order quite easily. It
should always be handled with great care.

Lending a stop watch to an inexperienced person is al-
most sure to be fatal. If a stop watch runs too fast or too
slow, it may be regulated like an ordinary watch. To test

FIG. 179.—THE TWO HAND MECHANISM IN A DOUBLE SPLIT-SECOND
STOP WATCH.

(From GaArRARD, Waich Repairing.)

it, it should be allowed to run at least a half-hour and com-
pared with some accurate timekeeper. In order to get the
best results and avoid the errors of temperature, position,
and 1sochronism, a stop watch should be held in the hand in
the same position during a race as when tested. It should
always be wound up completely before a race and wound up
again if used more than two hours. A very bad practice in
connection with a stop watch is to be continually starting,
stopping, and setting it back to see if it works properly.
This serves no useful purpose and is only a species of ner-
vousness on the part of the user. It will be found that ex-
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186 to 189. The watches illustrated in Figs. 186 and 187
have the equation of time attachment.

Unusual watches. — Watches are sometimes unusual in
the way the hours and minutes are indicated. Such a
watch is illustrated in Fig. 181.

The outer dial is fixed, and upon the semicircular arc
at the top the minutes from o to 6o are engraved. Beneath
this there 1s a semicircular slit through which the revolving
lower dial can be seen. This turns once in two hours and
contains two circular openings through which the hour
numeral may be seen. Only one is seen at any one time.
The other 1s covered by the fixed outer part of the dial.
The minute is indicated by the position of the hour numeral.
Thus in the figure it is 44 minutes past VI. As the time
passes, the circular opening with the numeral 6 passes on
to 60 and disappears. The other circular opening contain-
ing the numeral 7 now appears at o minutes and is visible
during the next hour. This watch is by the famous Thomas
Tompion, London, 1639-1713. It has a double silver case.
The dial is of gilt metal. On the lower half is a miniature
in black and white. The watch is 23 inches in diameter
and 1s now in the Morgan collection.

Another method of indicating the hour and minute is
occasionally met with in modern watches known sometimes

“jumpers.” Here there are two rectangular openings in
the dial. In one the hour appears and in the other the
minute, as for example II 36. At the end of the minute
this jumps almost instantaneously to II 37. At the end
of the 6oth minute the hour changes as well as the minute.
Sometimes the hour only jumps and the minutes are indi-
cated in the usual way.

Watches with peculiar ways of indicating the hours and
minutes came into existence just before 1700. The incen-
tive may have been the confusion caused by the introduc-
tion of the minute hand, which took place just before this
time. This may have given rise to the desire for other
methods of indicating the time than by using two concentric
hands. Such watches (with the exception of the jumpers)
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are practically never made at the present time. The whole
tendency i1s away from anything unusual or complicated to-
wards the simple, very accurate watch.

In connection with unusual watches mention should also
be made of pendulum watches, musical watches, and travel-
ing watches.

The so-called pendulum watch made its appearance just
before 1700. The balance was placed just behind the dial
and 1ts arms were weighted. A slit in the dial permitted
one of these weights to be seen. As the balance moved
this appeared to move backward and forward very much
like a pendulum. It was a very inconvenient arrangement,
however, as it was too hard to get at the balance for pur-
poses of regulation. Not many such watches were made and
the idea was soon abandoned. One now in the Metro-
politan Museum of Art in New York City is illustrated in
Fig. 182. It was made by David Lestourgeon of London.
It 1s in a silver case and is dated 1702.

Musical watches came in before 1800. They were made
chiefly by the French and Swiss. Tunes were played
either at pleasure or before the hours. These watches con-
tain a rotating cisc studded with pins which catch the free
ends of steel springs. These springs are of a length and
thickness to give the required note. A separate spring is
necessary to drive the music disc. These watches are
usually a little larger and thicker than an ordinary watch.
Not many were made and they soon passed out of favor.
Many had moving automatons in addition to being musical
watches.

Traveling watches are simply watches of unusually
large size. In diameter they vary from three to seven or
eight inches. They were made almost from the time watches
came into use until the advent of railroads. Some of them
were complicated watches with attachments as well. One,
nearly four inches in diameter, 1s pictured in Fig. 183. It
was made by the famous Thomas Tompion in 1695.

Complicated watches. — A watch may be complicated
in three ways. It may have moving automatons which



FIG. 181.—A WATCH WITH
MOVING HOUR NUMERAL.

FIG. 182.—A PENDULUM
WATCH, BY DAVID LES-
TOURGEON, DATE 1702.

FIG. 183.—A TRAVELING
WATCH, NEARLY FOUR
INCHES IN DIAMETER.

FIG. 184. — A WATCH WITH
AUTOMATONS.

FIG. 185. — A COMPLICATED
ASTRONOMICAL WATCH.
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enact scenes and the like; it may have a very large number
of the attachments which have just been described; it may
be a so-called astronomical watch and show many things
besides the time. A single example of a watch with moving
automatons must suffice. Such a watch is illustrated in
Fig. 184. It is of Swiss or German make and belongs to
the eighteenth century. The face is of blue enamel with
landscape and two mechanical figures hammering and grind-
ing. They are moved by the mechanism of the watch. The
dial is set in the blue sky of the landscape and is surrounded
by diamonds. The watch is two inches in diameter, quite
thin, and with a plain gold back. It is a part of the Morgan
collection.

In Fig. 185 is pictured an astronomical watch by George
Margetts. It carries the London hallmark of 1783. It
indicates not only the time, but the tides, the moon’s age,
the place of the moon, the position of the sun, the sun’s
declination, the month, the date, and other things as well.
The watch has pair cases, the inner of brass and the outer
of gold. It is now in the Metropolitan Museum of Art in
New York City, a part of the loan collection of Maurice M.
Sternberger. George Margetts deserves to be ranked among
the great watchmakers of his time because of the originality
of his conceptions and the mechanical perfection of their
execution. Complicated watches by him are also in the
British Museum and in the Guildhall Museum in London.
He also made chronometers and clocks as well as watches.
He was admitted to the Clockmakers’ Company in 1779,
carried on business at 21 King Street, Cheapside, until
about 1800, and then moved to No. 3 Cheapside. He died
not long after 1806.

This chapter may well end with the description of four
watches which are complicated because of the many at-
tachments which have been added. In fact every attach-
"~ ment which exists will be found in connection with at least
one and usually several of these four watches. They are
modern watches and made by L. Leroy & Cie.; Paul
Ditisheim; Patek, Philippe & Cie.; and Vacheron & Con-



FIG. 186.— THE FRONT AND BACK DIALS OF A COMPLICATED WATCH, BY
L. LEROY & CIE

FIG. 187. — DIAL AND MOVEMENT OF A COMPLICATED WATCH, BY PAUL
DITISHEIM.
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stantin.! They may be considered perhaps as the four most
expensive and comphcated modern watches in existence at
the present time.

The watch by L. Leroy & Cie., of Paris and Besancon,
is the most complicated ever constructed by them and prob-
ably the most compllcated in the world. The front and
back dials are shown in Fig. 186. In addition to indicating
the time it has twenty-four other complications as follows:

1. Days of the week. 13. Minutesrepeateron 3 gongs.
2. Date of the month. 14. Boreal sky, with the side-
3. Perpetual calendar of the real time and 460 stars.
months. 15. Austral sky, with the side-
4. Dates (for 100 years). real time and 250 stars.
5. Moon. 16. Local time of 125 towns.
6. Seasons. 17. Sunrise.
7. Sun time (apparent solar 18. Sunset.
time). 19. Thermometer.
8. Chronograph. 20. Hygrometer.
9. Minutes chronograph. 21. Barometer.
10. Hours chronograph. 22. Mountain barometer for
11. Winding hand (up-and-down 5000 meters.
dial). 23. Regulating system.
12. Full striking and silence. 24. Compass.

This watch was presented to the International Jury of
the Paris Exhibition of 1900 and is now owned by Royalty.
The watch consists of 975 parts and was valued at the time
of making at 20,000 francs. It has run well since its con-
struction and has been cleaned but two or three times.

Fig. 187 shows both the dial and the movement (dial
removed) of a very complicated watch by Paul Ditisheim of
La Chaux-de-Fonds. This watch, in addition to the time,
indicates the day of the week, the month, the date, and the
phases of the moon; and the calendar is a perpetual one, for
the watch automatically takes care of leap year. It also
indicates the equation of time, and the time of the rising and
of the setting of the sun.

1 See Chapter XXII for more information about these firms.
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The watch by Patek, Philippe & Cie. of Geneva was ex-
hibited by them at the national Swiss exposition at Berne'
in 1914 and is now owned in the United States. It is pic-
tured in Fig. 188. It is an open face watch in a gold case,
weighing 215 grams, and having a diameter 56§ mm. At
the time, the watch was valued at 12,500 francs (Swiss).
In addition to indicating the time (hours, minutes, and
seconds), it is a striking watch and also a striking repeater
(quarters and minutes). It is a stop watch with two hands
indicating the fifths of a second and also with a dial for
showing the minutes and hours. It is also a calendar watch
and shows the day of the week, the month, the date of the
month, and the phases of the moon. There are three
springs: one for the running of the watch, one for the strik-
ing mechanism, and one for the stop watch. It is thus in
a sense three watches in one. There is also an up-and-down
dial for showing the condition of each spring.

The complicated watch by Vacheron & Constantin of
Geneva is pictured in Fig. 189. It is now in their museum
in the salesroom at Geneva and may be seen there. Its
size is 22 lines. Although a very complicated watch, it is
also a watch of precision and holds a bulletin of the first
class from the Observatory at Geneva. This watch is a
striking repeater (quarters and minutes), and also an alarm
watch. The small dial for setting the alarm may be seen
in the center. It is a stop watch with dial for indicating
the minutes and also a calendar watch, showing the day of
the week, the month, the date, and the phases of the moon.



CHAPTER XVI

THE HISTORY, CONSTRUCTION, CARE, AND ACCURACY OF
CHRONOMETERS

The word “chronometer” comes from two Greek words
and means ‘““time measurer.” It could thus, as far as dern-
vation is concerned, be applied to any timekeeper. As a
matter of fact, it is only used for those very accurate,
portable timekeepers of particular design, which are much
used by astronomers and jewelers, and especially on ship-
board to determine longitude.

The history of the chronometer and the history of
navigation are closely linked together, for it was the great
desire for methods of determining longitude in navigation
which led to the invention of this particular kind of time-
keeper. One of the earliest authors who touched upon
navigation was John Werner of Niirnberg. In 1514 in his
notes upon Ptolemy’s Geography, he recommended the
method of measuring the distance between the moon and
stars in order to determine longitude. This later developed
into the method by “lunar distances” and was for a long
time the rival of the chronometer method of determining
longitude. Only within recent times has it fallen out of use
and left the chronometer method supreme. In fact this
method led to the establishing of the Greenwich Observa-
tory, for this observatory was founded first and foremost to
get better positions of the moon and stars for use in naviga-
tion. The observatory was located in Greenwich Park, and
Flamsteed was appointed the first astronomical observer
March 4, 1675, at a salary of £100 a year. It was not until
1767 that the Nautical Almanac was founded by Mas-
kelvne, a succeeding Astronomer Royal. This contained for
the first time the distances of the moon from certain fixed

260
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stars, so that the method ef determining longitude by means
of lunar distances could be applied at sea.

In 1530 R. Gemma Frisius wrote upon Astronomy,
Cosmogony, and many kindred subjects. Watches had just
been invented (1500) and were beginning to become known.
He seized upon the idea of utilizing them to determine the
longitude by comparing the local time with that of some
standard meridian as kept by a watch. Watches were, how-
ever, far too inaccurate then to make this method a rival
of the method by means of lunar distances. In fact as
early as 1520 Alonzo de Santa-Cruz in his de la Longitudinas
touched upon the same subject.

So great became the desire for better methods of de-
termining longitude at sea, that in 1598 Philip III of Spain
offered a reward of one hundred thousand crowns for a
method of determining longitude with reasonable accuracy.
The States-General of Holland followed shortly with an
offer of ten thousand florins. When the pendulum was added
to clocks just before 1700 and their accuracy was so much
~ increased, experiments were tried in using them at sea in-
stead of watches, but without success. In fact such famous
men as Huygens and Hooke busied themselves with the
problem and made experiments. Thus at the beginning of
the eighteenth century the problem was still unsolved.
The two rival methods were by means of lunar distances
and by means of carrying a timekeeper, but neither method
was satisfactory.

In 1714 in England a body called ““commissioners for
the discovery of longitude at sea” was formed. It had the
power to grant annual sums to assist experiments and to
reward discoveries with prizes. This body immediately of-
fered prizes for a better method of determining longitude
to be tested by a voyage to the West Indies and back; a
prize of £10,000 was offered for a determination within
60 geographical miles, £15,000 if within 40 miles, and
£20,000 if within 30 miles. Incidentally, it may be added
that this body made its first grant in 1737, its last in 1815,
although it existed until 1820. Its total disbursements
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amounted to £101,000. The prize of £20,000 was won by
John Harrison, often familiarly called Longitude Harrison,
and it was the invention of the chronometer which con-
stituted the improvement in determining longitude.

John Harrison (Fig. 190) was born at Foulby (Faulby or
Wragby) near Pontefract, in Yorkshire in 1693. His father
was a carpenter and perhaps repaired furniture and clocks
as well as worked at his trade. In 1700 he removed to

Barrow in Lincoln-

shire. John learned

his father’s trade, but

showed very early a

decided mechanical

bent. When only

twenty-two, he had

already made a clock

with wooden works.

In 1726 he invented

the gridiron pendulum

to compensate tem-

perature changes iIn

clocks. Shortly after

he also invented main-

taining power and ex-

perimented with the

compensating balance.

These inventions have

FIG. 190. — JOHN HARRISON, 1693-1776. all been discussed in
previous chapters. He

was naturally attracted by the large prizes offered for better
determinations of longitude at sea. In 1728 Harrison made
what was probably his first trip to London, taking with him
drawings of a proposed new timekeeper. These drawings
were inspected by Graham, who urged him to actually make
the timekeeper and then test its running. For seven years
he worked on this timekeeper, in the meanwhile earning his
living by repairing watches and clocks. In 1735 he removed
to London and took up his residence in Orange Street, Red
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Lion Square. He brought with him his new timepiece,
which was a cumbersome affair, in a wooden frame, and had
two balances. After its excellence of running had been
tested, he was allowed for a final test to proceed to Lisbon.
Its behavior was not sufficiently good to gain a prize, but he
was given £500 to carry on further experiments. In 1739
he constructed a second timekeeper and then a third.
Finally, in 1761, after more than twenty years of experiment-
ing, when he was sixty-eight years old, he came before the
Board of Longitude with a fourth timekeeper which he con-
sidered almost perfect. There was much delay, but finally
permission was given to make the test, and, considering his
age, his son William was allowed to make the trip in his
stead. William sailed from Portsmouth on the “Deptford”
on Nov. 18, 1761, and arrived at Port Royal sixty-one days
later. He sailed from Jamaica on board the ‘“Merlin” on
Jan. 28, 1762, and arrived at Portsmouth April 2, 1762,
after an absence of nearly five months. The chronometer,
as we may now call it, although this name was introduced
later, had changed but one minute and five seconds, which
gives an error of only 18 miles in longitude, a value much
within the prize limit of 30. Five thousand pounds were
paid at once, but a second voyage as further proof was
required. This was made to Barbados between March and
July, 1764, and the chronometer again proved very satis-
factory, in fact so satisfactory, that Harrison was declared
the winner of the prize. Another £5000 was paid at once,
but before getting the rest, Harrison was required to explain
the construction of his chronometer. This he did in the
presence of seven gentlemen, Aug. 22, 1765, and finally,
after much delay, in 1769, or a little later, the other half
of the reward was paid.

This same chronometer was tested at the Greenwich
Observatory in 1766 for 298 days in different positions and
at different temperatures. It did not do as well as at sea
when it was carefully tended. Its greatest gain was 30°
when the temperature was 60° F. and the pendant was
vertical and its greatest loss was 6.5° when the tem-
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ance spring was changed as the temperature changed.
This means that one end of the bimetallic strip was fastened
to the plates of the chronometer and the other free end
carried curb pins which embraced the balance spring. The
chronometer was not hung in gimbals, but rested on a soft
cushion when carried on the different voyages. Errors of
position were avoided by carefully tending the chronometer
and changing its position to suit the list of the vessel. The
seconds were indicated on the dial by means of a center-
seconds hand and not by a separate hand on a different
portion of the dial as in the modern chronometer. All four of
Harrison’s chronometers are in the Greenwich Observatory
and the drawings of his instruments are at the British
Museum. Fig. 191, illustrating Harrison’s successful chro-
nometer, is due to the kindness of the Greenwich Observa-
tory.

Harrison died on March 24, 1776, aged eighty-three
vears, and is buried in Hampstead churchyard. On his
tomb is a long inscription setting forth his various achieve-
ments.

Although Harrison had won the £20,000 prize with his
chronometer, it was by no means the chronometer of the
present day. In fact the Board of Longitude immediately
offered more prizes for improvements in the chronometer.
It was nearly thirty vears after Harrison’s death before the
timekeeper finally assumed its present form. The last
century has seen practically no changes in construction.
There are six men besides Harrison, some his contempo-
raries and some living a little later, who by their ideas, re-
search, and inventions, have been chiefly instrumental in
improving the chronometer. These are Pierre LeRoy,
F. Berthoud, Bréguet, Mudge, J. Arnold, and Earnshaw.

Pierre LeRoy, the eldest son and successor of Julien
LeRoy, was born in 1717 and died in 1785. To him we
owe the invention, in principle at least, of the detent es-
capement which is now used in all chronometers. The
date of this invention was about 1769, when Harrison was
completing the tests of his prize chronometer. LeRoy in-
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ment for watches. He was made free of the Clockmakers’
Company in 1738 and called to the livery in 1766. From
this time, he turned his attention chiefly to the construction
of chronometers. His first one was sent to the Greenwich
Observatory in 1774. For this the Board of Longitude
gave him £500 to carry on further experiments. He con-
structed other chronometers and finally was given £2500
for his work. His escapement was quite ditrerent from
Harrison’s but not
like the modern
chronometer escape-
ment. In 1776 he
was appointed
watch maker to the

king. He died Nov.
14, 1794.

JohnArnold
(Fig. 194) was born
at Bodmin in Corn-
wall in 1736. He
. learned watchmak-
ing of his father and
after a short stay
in Holland, came to
London and here
achieved great suc-
cess. Soon heturned
his  attention to FIG. 193. — THOMAS MUDGE, 1717-1794,
chronometers and
finished his first one just before 1772. He invented the
helical form of balance spring now always used. He im-
proved the spring detent escapement invented in principle by
LeRoy and improved by Berthoud. This he patented (No.
1328) in May, 1782. He also adopted the balance wheel of
two metals. Furthermore, he introduced the name chronom-
eter for this kind of timekeeper. He was also given £3000 for
his investigations and inventions in connection with chro-

nometers. He died at Well Hall, near Eltham, Kent, in 1799.
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Thomas Earnshaw (Fig. 195) was born at Ashton-under-
Lyne, in 1749. He began his apprenticeship at the age of
fourteen and came to London as soon as it was finished.
In 1781 he invented the spring detent escapement, slightly
different from Arnold’s, but precisely like that now used.
He also devised the modern form of bimetallic balance
wheel. He was also given £3000 by the Board of Longitude,
but he always considered that too much credit had been

given to Arnold and
not enough to him-
self. He died at
Chenies Street in
1829.

Thus, at the
beginning of the
nineteenth century,
due to the experi-
ments and inven-
tions of these six
men in addition to
Harrison, the chro-
nometer in its
modern form made
its appearance. The
last century has
seen many at-
tempts at improve-

FIG. 194. — JOHN ARNOLD, 1736-1799. ment, but none of

the additions or

changes have stood the tests and received a general
acceptance. _

Very recently, within the last three or four years,
changes have begun to be made in the chronometer chiefly
at the hands of Paul Ditisheim of La Chaux-de-Fonds,
which bid fair to be considered real improvements. These
will be taken up a little later.

The construction of a chronometer. — A modern chro-
nometer, like any other timekeeper, consists of four groups
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of parts. These are the driving, the transmitting, the con-
trolling, and the indicating mechanism.

The driving mechanism consists of a mainspring coiled
inside of its barrel and connected by means of a flexible
chain with the fusee for equalizing its pull. Every modern
chronometer has maintaining power to keep the chronom-
eter running while it is being wound, stop work to prevent
overwinding, and a winding indicator (up-and-down dial)
to show when it was
last wound. All
these things have
been fully described
elsewhere in connec-
tionwith other time-
keepers. A chro-
nometer is usually
constructed to run
fifty-six hours, al-
though to get the
best results it should
be wound regularly
each day. Ifonlva
small portion of the
long spring 1s used,
the pull is much
more uniform. The
driving mechanism
Fhus contains noth- FIG. 195. — THOMAS EARNSHAW, 1749-1829.
ing new.

The transmitting mechanism or time train is exactly
like that of a watch and consists of three wheels and three
pinions attached in pairs to three arbors which run in
jeweled holes in the plates. The main driving wheel at-
tached to the fusee and the pinion on the escape wheel
arbor should perhaps be included. The four wheels in
order usually have 9o, 9o, 80, and 8o teeth and the four
pinions 14, 12, 10, and 10 leaves. The mechanism of a
chronometer is illustrated in Fig. 196. One plate has been
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impulse is received only during the swing in one direction.
The return swing is independent of the escapement. It
consists of the spring detent, the gold spring D, the locking
pallet C, the impulse pallet G, the impulse roller, the dis-
charging pallet E. As the discharging pallet £ moves to
the right (Fig. 197) it pushes the detent to the right until
the tooth H of the escape wheel slips past the locking pallet
at C. The escape wheel begins to turn in the direction of the
arrow and the impulse pallet G is soon caught by a tooth I

—
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i ( 1. J m °
C @]
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FIG. 197. — THE SPRING DETENT ESCAPEMENT OF A CHRONOMETER.
(From GArrARD, Watch Repairing.)

of the escape wheel and given an impulse. It continues
to push on the impulse pallet and drive it ahead of it until
the divergence of their paths separates them. In the mean-
time the discharging pallet E has passed beyond the spring
detent and this has returned to its position of rest. The
next tooth on the escape wheel now reaches the locking
pallet C and the escape wheel is locked in position. The
balance wheel and the two rollers carrying the impulse and
discharging pallets now continue their excursion to the
right entirely independent of the escapement. They are
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finally brought to rest by the action of the balance spring
and commence their return journev. When the discharging
pallet comes to the detent, it flicks forward the gold spring
D and passes on without disturbing the escapement. The
discharging pallet must be of just the right length so as to
come in contact with the gold spring only and not the end
of the detent. The excursion to the left is made entirely
independent of the escapement. The balance wheel and
rollers are now again brought to rest by the balance spring
and commence their motion to the right. During this part
of the swing, a tooth of the escape wheel is discharged and
an impulse is received. Thus a tooth of the escape wheel
passes and an impulse is received during a swing of the
balance wheel in one direction only and not in the other.
The gold spring is so named because it is usually made of
gold. The pallets are rubies or sapphires. This escape-
ment is the most detached of any and without question the
best. It is delicate, however, requires expert workmanshlp
in its construction, and can be stopped by jars. It is ideal
for chronometers and used in some watches which are called
pocket chronometers or chronometer watches. It is not to
be recommended for watches, however, unless the watch is
very carefully used.

The balance is like the balance wheel of a watch and
consists of an inner rim of steel and an outer rim of brass.
It is cut through in two places and provided with screws for
trumg and for temperature adjustments. The balance
spring is usually of the helical form and not flat. A wide
thin wire in this form keeps its shape much better when
subjected to jars or constant tremors. These helical
springs are usually about half an inch in diameter and con-
sist of about one quarter turn short of eleven, twelve, or
thirteen turns. .

The indicating mechanism consists of the hands and dial
and the under-the-dial mechanism (motion work). There
is nothing new in connection with this part of the mechanism.

The movement of a chronometer is usually placed in a
cylindrical brass case, from two to five inches in diameter and
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Good watches are carefully adjusted to position, isoch-
ronism, and temperature (see page 116). The same is true
of chronometers except that position and isochronism er-
rors are small and temperature must be very carefully looked
out for. The use of gimbals causes the chronometer to
always remain in one position, namely level. For this
reason adjustments to position are less necessary than in a
watch. The use of a long mainspring, sufficient to drive
a chronometer fifty-six hours and a fusee to equalize its
pull, make the errors of isochronism very small. Temper-
ature compensation must, however, be very perfectly made.
It has been found by experiment that a chronometer with an
uncompensated balance, consisting of one metal only, will
gain or lose about 6° a day for a change of one degree Fahren-
heit. A temperature change causes an expansion or con-
traction on the part of the balance wheel and balance
spring and also a change in the elasticity of the balance
spring. Marine chronometers with bimetallic balance rims
are usually adjusted to be correct at about 45° and go° (F.).
This does not mean that they are correct below 45°, between
45° and 9o° or above go°. In fact such a chronometer
may readily be 2* a day off halfway between 45° and go°.
This is sometimes called middle temperature error. So
great is the desire to offset the influence of temperature on
a chronometer that many forms of “secondary compensa-
tion”” have been invented. These consist usually of little
ingenious devices generally consisting of two metals which
are attached to the balance wheel. Some twenty different
forms have been devised and quite a few have been patented.
If a chronometer is being very carefully adjusted before
being placed in some prize competition, a secondary com-
pensation device will ordinarily be used. In the rank and
file of chronometers, however, they are not used.

Recent changes in the chronometer. — During the last
few vears changes have been introduced in the chronometer
which seem to be along the road of progress and bid fair to
be considered real improvements.

In the first place it is beginning to be a question if the
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detent escapement is really better for a chronometer than
a detached lever escapement. Opinion among experts is be-
ginning to swing towards the detached lever. The chro-
nometer is thus coming to be simply a big watch. The
cut, bimetallic balance wheel and the helical balance spring
are also being supplanted by alloy balances and flat alloy
balance springs. Paul Ditisheim, of La Chaux-de-Fonds,

FIG. 199. — THE DIAL OF A NEW DITISHEIM CHRONOMETER.

for example, is experimenting with and introducing a solid,
uncut alloy balance wheel with a little secondary compen-
sation and a flat alloy balance spring whose elasticity is
practically independent of temperature changes. There are
two advantages. In the first place the temperature com-
pensation is closer, and secondly the chronometer is not so
much affected by changes in the density of the air, in other
words, by changes in the barometric pressure.
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There are four other improvements which have very
recently been introduced by Mr. Paul Ditisheim, of La
Chaux-de-Fonds. These are a new arrangement of the dial,
a mechanism for setting a chronometer, an attached wind-

ing key, and a box to
contain the balance and
escapement. These are
illustrated here through
the kindness of Mr.
Ditisheim.
In the new arrange-
FIG 20— A A e ™ SETTING  ment of the dial (Fig.
199) the hour and
minute hands move over a small portion of it and the
second hand is pivoted in the center and moves over the
whole dial. The great advantage of this new arrangement
is apparent at the first glance to anyone who has used a
chronometer for comparing timekeepers, for making eye-
and-ear observations in Astronomy, or for s vtant observa-
tions. The seconds may be
divided into halves, or quar-
ters, or fifths.

The outside portion of the
mechanism for setting a chro-
nometer is shown in Fig.

200. By pressing and turn-
ing, the hour and minute
hands may be set at will.
This is a great convenience
as compared with unscrew-

ing the dial cover and using
the key. FIG. 201. — A PERMANENTLY ATTACHED

. . WINDING KEY.
Fig. 201 illustrates the
permanently attached winding key. The advantages are
that the key is never mislaid and dust is excluded.
The balance wheel and escapement are inclosed in a
small circular box, as shown in Fig. 202. The great advan-
tage is that dust is excluded and the chronometer needs
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cleaning and oiling much less often. It also offers another
possibility. Small windows could be placed in the side of
the box. An aneroid barometer box might be included in
the chronometer, which by its movements might open and
close the windows and thus compensate for the influence
of changes in barometric pressure.

The care of a chronometer. — Since a chronometer is
intended to be the most accurate possible portable time-
keeper, many things must be considered in its handling and
care, in order to get the best results. Some of these will
now be taken up.

All chronometers are wound by means of a key. There
is a small circular hole in the bot-
tom of the brass case which is
covered by a dust cap held in
place by a spring. In winding a
chronometer it should be turned
slowly and carefully nearly half-
way over. The dust cap is then
pulled up and the key inserted.

The square hole in the key fits

over the squared arbor of the fusee.

A few very modern chronometers

may have the new attached wind- FIG. 29— AV INCLOSED BAL-
I g NCE WHEEL AND ESCAPE-
ing key or knob. In winding a  MENT.

chronometer the necessary number

of half turns of the key should be known, so that the last
one may be made very slowly and carefully. There is, to
be sure, a winding stop to prevent overwinding, but it
does a chronometer no good to come up against the stop
with a hard blow. The chronometer key has a ratchet in
the handle, so that if by mistake the key should be turned
backward, this ratchet would work and thus undue pressure
would not be put on the time train. A chronometer should
be wound regularly at the same time each day. The best
results are obtained when exactly the same amount of ex-
pansion of the mainspring is used each day. After winding,
some advocate turning the chronometer slowly entirely up-
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side down, so that the dial is down, and then completing the
revolution as it comes back into its normal position. The
theory is that this redistributes the oil on the pivots in
the best manner possible.

A chronometer is also set by means of the key. The
same square hole fits over the squared end of the arbor of
the center wheel in the middle of the dial. A chronometer
should be set just as little as possible, for the pressure of
the key and the strain on the time train in setting may
change the rate of running. If the hands are to be set
forward, it should be done slowly and steadily. It is usually
said that a chronometer should not be set back. It seems
a lot of trouble, however, to set a chronometer ahead nearly
twelve hours when one may wish to set it back a few min-
utes. If it is set back, it should be given one quick turn,
thus setting it back more than the desired amount. It
may then be set slowly forward to the time desired. A
jeweler ordinarily takes the movement out of the case and
then stops the balance wheel with a soft brush the desired
amount. [t is better for an inexperienced person not to
try this, however. There is no good method of setting the
second hand except by stopping the chronometer. To
push the second hand with a knife blade, for example, is
““chronometer murder.”

A chronometer should always be kept in the same place.
The hanging of a chronometer in gimbals causes it to be
level and it has been adjusted primarily to this position.
To get the best results, a chronometer should not be kept
in different places even if it is always level and the moving
is done without jar or harm.

A chronometer should be jarred as little as possible.
Violent shocks are, of course, to be avoided because they
might cause it to gain or lose a little or even stop the chro-
nometer. Slight jars and tremors are also to be avoided as
much as possible. On shipboard a chronometer should not
be placed so as to feel the vibrations of the engines any
more than is necessary.

Magnetic influences should be avoided as much as
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possible. A chronometer should never be placed near a
dynamo or compass and if it is necessary to transport one,
it is better not to do it on an electric car. It is not par-
ticularly sensitive, however, — no more so than a watch.

A chronometer should be kept as free from dust as
possible. Its case is very tight, for the bezel ring which
holds the cover-glass over the dial is screwed on and the
winding hole has a dust cap. Nevertheless, a chronometer
should not be needlessly exposed to dust. The disadvantage
is that it makes more frequent cleaning and oiling neces-
sary.

The rate of running of a chronometer is also affected by
changes in the barometric pressure (i.e., the density of the
air), by changes in the moisture content of the air, and by
changes in temperature. The last is by far the most im-
portant. The first two are almost negligible. It is usually
not possible to control the surroundings of a chronometer,
but if it is, then the pressure, moisture, and temperature,
particularly the last, should be kept as constant as possible.

A chronometer must from time to time be cleaned and
oiled, and occasionally it will need repairs. It goes without
saying that it should be intrusted only to a skilled jeweler
and one who has had experience with chronometers. The
oil used must be the best. It must change its consistency
as little as possible with changes of temperature. It
must have no chemical action on any of the metal parts of
the chronometer. It must not deteriorate or change on
exposure to the air. How often a chronometer should be
cleaned and oiled is a question to which a definite answer
cannot be given. Some would say every two years and
some might even say once in seven years is often enough.
It depends somewhat upon the care which a chronometer
has had.

As regards the care of chronometers at sea, article 260
from Bowditch: American Practical Navigator may be
quoted. This book, so familiar to every navigator, may be
considered as practically the one standard book on naviga-
tion in English.
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Care of Chronometers on Shipboard. — The box in which the
chronometers are kept should have a permanent place as near as
practicable to the center of motion of the ship, and where it will
be free from excessive shocks and jars, such as those that arise
from the engines or from the firing of heavy guns; the location
should be one free from sudden and extreme changes of tempera-
ture, and as far removed as possible from masses of vertical iron.
The box should contain a separate compartment for each chro-
nometer, and each compartment should be lined with baize cloth
padded with curled hair, for the double purpose of reducing
shocks and equalizing the temperature within. An outer cover
of baize cloth should be provided for the box, and this should be
changed and dried out frequently in damp weather. The chro-
nometers should be placed with the XII mark in the same position.

For transportation for short distances by hand, an instrument
should be rigidly clamped in its gimbals, for if left free to swing, its
performance may be deranged by the violent oscillations that are
imparted to it.

For transportation for a considerable distance as by express,
the chronometer should be allowed to run down, and should then
be dismounted and the balance corked.

The “Deutsche Seewarte” at Hamburg gives these
rules for sending chronometers long distances: (1) The
chronometer should first be allowed to completely run
down. (2) Fasten the balance wheel by pushing small
cork wedges or strips of paper under it. If cork is used, it
must be new, free from dust, and from acid. This should
be done by a skilled jeweler, as the chronometer must be
taken out of its case and the wedges put under in just the
right place. The escape wheel may also be tied fast.
(3) The gimbals must now be firmly fastened. (4) The
space between the chronometer case and the wooden box
must be filled with dry, dust-free soft material. (5) The
wooden box must now be closed and packed in a large box
or basket with plenty of soft material around it.

The manufacture of chronometers. — For fifty years or
more after Harrison made his fourth chronometer and with
it won the great prize of £20,000 in 1762, chronometers
continued to be made individually and entirely by hand.
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Nearly every watch or clockmaker of repute also made
chronometers. In fact everv maker of timekeepers made
watches, clocks, or chronometers as his inclination led him
or his customers desired. Each timekeeper received in-
dividual attention and was probably a little different from
any other. It is only during the last fifty vears that certain
firms or individuals have specialized in making chronometers
and factory methods have to a certain extent been introduced.

In the United States at present the three firms deserving
special mention are:

William Bond & Son, 22 Beacon St., Boston, Mass.

John Bliss & Co., 128 Front St., New York City.

T. S. & J. D. Negus, 140 Water St., New York City.
Of these William Bond & Son is the oldest firm, as the busi-
ness was established in 1793. They have made between
five hundred and one thousand chronometers to date. John
Bliss & Co. come next in age. The business was founded
by John Bliss’s father at 40 Fulton Street in 1835. The
firm has had several slightly different firm names and
moved to 128 Front Street in 1880. The firm of T. S. &
J. D. Negus was founded in 1848 at 100 Wall Street. In
1869 the present building at 140 Water Street was occupied.
The fourth generation is now active in the firm. Bliss has
made between three and four thousand chronometers and
Negus between two and three thousand. Thus the total
American product is about seven thousand chronometers.

In England the following firms are particularly well
known as chronometer makers:

E. Dent & Co., Ltd., 61 Strand, London.

Chas. Frodsham & Co., Ltd., 27 South Molton St.,

London, W. 1.

V. Kullberg, 105 Liverpool Road, London, N.

Mercer & Co., St. Albans, Hertfordshire, England.

Usher & Cole, 339 St. John St., London, E. C.

Mercer & Co. manufacture on a larger scale than the
rest and make more use of factory methods. They also make
all the parts of a chronometer themselves. This is not al-
ways true of other chronometer makers.
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In France L. Leroy & Cie., Boulevard de la Madeleine,
Paris, has a worldwide reputation.

In Switzerland among the particularly fine chronometer
makers are:

Paul Ditisheim, La Chaux-de-Fonds.

Longines, Saint-Imier.

Nardin, Le Locle.

Vacheron & Constantin, Geneva.

In Germany among the most important manufacturers
of chronometers are:

Chronometer-Werke in Hamburg.

L. Jensen.

A. Kittel.

A. Lange & Sohne in Glashiitte.

F. Lidecke in Geestemunde.

C. Wiegand in Peine.

Many of these foreign makers of chronometers make high
grade watches and perhaps precision clocks as well. For
this reason more will be said about them in the chapter on
European watchmakers.

The cost of a chronometer varies from perhaps $50 for a
fair second-hand one to $500 or more for the best that
money can buy. Ditisheim’s new improved chronometers
are selling (1921) for 2000 francs (Swiss) or a little less.
Most of the firms issue catalogues describing their chro-
nometers and giving the price.

The testing of chronometers and their accuracy. —
Testing a chronometer and determining its accuracy means
determining its error and rate under different conditions.
By error is meant how much a chronometer is fast or slow.
When slow the error is usually considered plus (4+); when
fast, minus (—). If the error is too large, it may be re-
duced by setting the chronometer, but it will be remembered
that this should be done as little as possible. By rate is
meant the amount that a chronometer loses or gains per
day. It is considered plus if losing and minus if gaining.
If the rate is too large it may be made smaller by “regu-
lating” the chronometer. This means turning the timing
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screws in the rim of the balance wheel, and it should, of
course, be done only by a skilled person. The record of a
chronometer consists of the values of error from time to
time and the rates computed from them. It is the con-
stancy of the rate which 1s the test of the accuracy of a
chronometer.

The accompanying table contains the record of a chro-
nometer for a year. This chronometer was made by one
of the best English firms, but is a fairly old one — about
fifty years old. It has no secondary compensation. It
remained the whole time in the same place on a shelf in
a physical laboratory. It received the best of care, but no
attempt was made to control pressure, moisture, or tem-
perature. The temperature varied irregularly from 55° to
85° F. during the period. It had been cleaned, oiled, and
slightly repaired by a skillful jeweler a few weeks before the
record begins. The errors were obtained by comparison
with the noon time signal from Washington. The method
of computing the rates is evident. For example, the error
on March 24, 1917, was 12.0° fast; on March 26 it was
16.5° fast. This means a gain of 4.5° in two days, or at
the rate of 2.25° per day. Since it is gaining the rate is
recorded as — 2.25°. On inspecting the different values of
rate, it will be seen that there is a steady change with the
time. The chronometer started off by gaining more than
two seconds per day. After a few months it had dropped
to about 0.3® or 0.4* per day. It will also be seen that for
a period of a couple of months the chronometer main-
tained the same rate within a few tenths of a second per
day and this is just about what can be expected of an average
chronometer which has good care, but when pressure,
moisture, and temperature changes are not taken account
of. A first class chronometer with secondary compensation
would, of course, do somewhat better; that means that its
rate would be a little more constant. If the error and thus
the rate had been determined each day instead of every
nine or ten days, the discrepancies in the rates would of
course have been several times larger.
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Stress should be laid upon one thing. To obtain correct
values of the error of a chronometer or any timekeeper,
absolutely correct time must be available. This is only
true of the time obtained by observing the stars at some
astronomical observatory or of the noon time signal. It is
better not to take a chronometer to the telegraph office to
make the comparison, but to use some secondary ‘“hack”
chronometer or watch and to compare it with both the
chronometer and the noon time signal.

Dare ERrror RatE Date Error Rate
Mar. 24, 1917 12.00 Fast . |ISept. 19 2m 8.5¢ Fast | ~ 027
26 16.5° gast _ ng, Oct. 2 2m15.00 {"_‘ast _ gg;
30 26.0* Fast | _ 18 2m21.0* Fast | _
April 4 34.00 Fast | _ :gg: 30 2m23.00 Fast | — g'”:
9 42.5» Fast | — 7% |INov. 6 2926.0° Fast | ~ 0'13
21 m l.g: Il::ast — oiééﬂ 13 zm28.g ;‘ast _ O’Sz
27 1™ 4. ast [ _ . 20 2m32. ast [ _ Y4
May 5 1™ 6.00 Fast | ~ g::gf 27 2m33.0¢ Fast | ~ g:;:',-
10 1™ 8.00 Fast | _ o.57" Dec. 7 2m40.0° Fast | 0.508
17 lmlz.g ;ast — i lg 2m45.00 gast o2
24 1™20. ast | _ " 2/ 2myg7.00 Fast :
June 1 1m29.5° gast _ é;g‘ Jan. 2, 1918 | 2m41.00 ll::ast i' gfgt
8 1m33.00 Fast | _ 8 2m42.0 Fast | _
12 1235.0° Fast | _ g:f; 19 2m46.0° Fast | _ g:gg
16 lm35.g ll:‘aSt - 020 |lpy 24 zm47.(5): East o8
23 1m37. ast | _ , ||Feb. 2 2™M49. ast e
July 10 | 1mys.se gas: - g;’; l? 2’"48.3: l]::ast + g';f;.
24 1™53.5° Fast | 2m3y. ast | _ 7o)
Aug. 6 l'"57.g: l]::ast - g:’z"z: v 28 2m52.00 }[::ast - g'gg,
2§ 2m 1. ast | _ . ar. 9 2™g§2.6% Iast | _ O
Sept. 6 2m 500 Fast 033 16 2m53.5% Fast o.14

* A temperature about 30° F. lower was maintained for several days.

The rate of a chronometer is influenced by five things,
namely: (1) Tremors, (2) changes in moisture, (3) changes
in barometric pressure, (4) time, and (5) changes in tem-
perature. These have been arranged in order of importance,
the last being the most important. Time affects the rate
because, as time passes, the oil thickens and changes its
composition, dust collects, and the springs change their
elasticity. Time is usually reckoned from the last time it
was cleaned, oiled, or repaired. The first three influences
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are always disregarded. They are very small and irregular.
If quite a little time has elapsed (several months) since a
chronometer was last cleaned and oiled, then the time
factor also becomes a small one. This would leave tem-
perature only to be taken account of. It is assumed, of
course, in stating that those five things influence the rate
of a chronometer, that the chronometer is receiving the
best of care and is not being abused. To expose it to a
strong magnetic field would, of course, affect the rate, but
that would be abusing a chronometer.

For most first class chronometers, the temperature co-
efficient, as it is called, is determined. The chronometer
formula takes this form:

R= R, + a(t - to)’

where R is the rate for any temperature ¢, R, is the rate for
the temperature #, and a is the temperature coefhcient.
to is usually taken at about 70° F. and R, is determined by
observing the chronometer for a considerable time at this
temperature. a is then determined by exposing the chro-
nometer to different temperatures and determining the cor-
responding rates. With Ry, a, and f known, then the
probable rate R can be computed for an observed tempera-
ture . One without doubt gets the most out of a first rate
chronometer by using it in this way and taking account of
temperature changes. A better way of determining R,
and a is to observe the value of rate R for a number of
days at different temperatures. Each of these sets of ob-
servations would yield an equation containing the two un-
knowns R, and a. A “least squares” solution of these
equations would give the best values for R, and a.

A much longer chronometer formula involving the time
and further influences of temperature is sometimes used.
The formula is:

R = Ro + a(t - to) + b(t - to)2 + C(T - To) + d(T - T‘o)2
+ e(t — to) (T — To).

Here R, is the rate at time Ty and temperature ¢, while R
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is the rate at time 7 and temperature t. The constants
Ry, a, b, ¢, d, and ¢ must be determined by experiment.
Such an investigation would be carried out only as a piece
of research work in connection with an extremely good
chronometer.

- It will be seen that investigating a chronometer requires
considerable skill, an accurate source of time, and the
facilities of a laboratory. For this reason there is in nearly
every country an observatory where the chronometers are
tested for the navy and other places under more or less of
government control where any chronometer that is admitted
1s investigated for a stated fee.

In the United States the chronometers for the navy are
investigated at the United States Naval Observatory at
Washington, D. C., and any chronometer may be sent to
the Bureau of Standards, Washington, D. C., for testing.
A pamphlet is issued by this bureau stating the time of the
test, the fee, and all particulars. It is entitled, Circular of
the Bureau of Standards, No. 51, Measurement of Time and
Test of Timepieces. The cost of the pamphlet is 15 cents.
A brief account of the testing of chronometers and torpedo-
boat watches for the navy is found in the Annual Report
of the Naval Observatory. For example, in 1916, the tests be-
gan January 15 and ended June 26. Forty-four new Ameri-
can, nine new foreign, and fifty-one old chronometers were
submitted for tests. Of these thirty-three American, nine
new foreign and thirty-two old chronometers passed. Of
these the American chronometers were all made by Bliss,
Bond, or Negus, and the foreign ones by Leroy or Nardin.

In England the chronometers are investigated for the
navy at the Royal Observatory, Greenwich. The Green-
wich observations for each vear contain the results of the
tests. Any chronometer may be sent by any one for tests
to the National Physical Laboratory at Teddington, near
London. Formerly (before 1913) the testing was carried
out at the Kew Observatory, Richmond, Surrey. About
one hundred are submitted each year.

In France the French navy (these are before-the-war
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facts) buys its chronometers according to its needs of
French manufacturers at the close of tests which take
place each year from November 1 to March 31 at the
“Service Hydrographique de la Marine,” 13 Rue de 'Uni-
versité, Paris. The price is fixed at 2100 francs. A prize
of 1200 francs is given in addition to the chronometer
ranked first each year. The tests include one for isoch-
ronism, one when the chronometer is tipped 22°, and four
for temperatures between 0° and 30° centigrade. These
figures and arrangements were the ones before the war.
At present (1922) chronometers cost 3000 francs or more
and no prize is offered. Any chronometer may be sub-
mitted to the Observatoire de Besangon for tests. A Bulle-
tin Chronométrique is issued each year. Five or six on the
average are submitted each year.

In Switzerland any chronometer may be sent for tests
to the observatory at Neuchitel or to the observatory at
Geneva. Annual reports are published. About fifty or sixty
are submitted annually at Neuchitel and one or two at
Geneva.

In Germany the chronometers are investigated for the
navy at Kiel and Williamshaven. Any chronometer may
be sent for tests to the Deutsche Seewarte at Hamburg.
The annual report is published in Ann. Hydrog. The
thirty-seventh competition, which took place in 1913-
1914, is described in Vol. 42. Sixty-five chronometers were
submitted and of these 48 were classified as first, 13 as
second, 2 as third, and 2 dropped out of the tests. In
1917-1918, seventy-six were submitted and in 1918-1919,
eighty-four.

The method of ranking -the chronometers in all these
tests depends upon empirical formule which are somewhat
different in different places and contain the various values
of rate under different conditions. For further details
about these observatories where tests are made, see Chapter
XXIV.

As a single illustration the procedure at the Neuchitel
Observatory may be cited. The tests for a marine chro-
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nometer of the first class last 63 days and consist of 9 periods
of 7 days each at the followmg temperatures: 32°, 25° 18°,
11° 4°% 11° 18° 25° 32°C. The tests for a marine chro-
nometer of the second class last 35 days and consist of § pe-
riods of 7 days each at the following temperatures: 32°,
18°% 4° 18°% 32°C. To obtain a bulletin six conditions
must be fulfilled. The formula for computing relative
merit is:

_ 100

" ¢E+cC+dD + 7R

where ¢ = 40, ¢ = 33.3, d =5, and r = 5, and E is the
average departure of the daily rate, C is the temperature
coefficient, D is the mean error of compensation, and R is
the return to previous rate. Supplementary tests for a
wider range of temperatures, in a magnetic field, and under
different pressures may be had if desired. If the chro-
nometer has a contact maker, the errors of registration
may also be tested.




CHAPTER XVII
THE HISTORY, CONSTRUCTION, AND CARE OF TOWER CLOCKS

Tower or turret clock is the name generally given to
those large-sized clocks which are located in towers or tur-
rets and have large detached dials often four in number
facing in four directiors and sometimes at a considerable
distance from the works of the clock. Belfry clock is another
name for them. They are also called church clocks and pub-
lic clocks; church clocks because the steeple of a church is
so often their place of location; public clocks because they
are frequently located on public buildings and also because
they render such a public service.

The history of tower clocks covers a long time, but there
are not many events to be recorded. Some of the very first
mechanical timekeepers were tower clocks. It will be re-
membered that clock mechanism began to make its ap-
pearance about the year 1000. It may have been a little
earlier; more likely later. The clock may have been in-
vented as a whole; more likely it was a gradual develop-
ment. The tower clock has thus been known for perhaps
a thousand years. The clock constructed by Henry de Vick
in 1360 for Charles V of France and now located cn the
Palais de Justice is the first clock of which we know the
construction and which was surely a mechanical clock in the
modern sense of the term. This was a tower clock. All
other clocks known to exist before that time have been
mentioned in Chapter IV. Many of them would be con-
sidered tower clocks, although in every case there was but
one dial and some may have had no dial at all. Unuil al-
most 1400 it is questionable if there was space in church
towers for dials and hands. The early clocks all had bells
on which the hours were struck. Such clocks thus an-
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nounced the hours long before they had hands and dials to
indicate the passing time.

From the fourteenth century to the present day the
tower clock has never fallen out of favor. In fact the
number has steadily increased until to-day there is hardly
a city or town in any civilized portion of the world which
does not possess what is often familiarly and even affec-
tionately called ““the town clock.”

The changes in the mechanism of tower clocks kept pace
with the changes in clocks in general. When the pendulum
was invented in 1658 and added to other clocks it was
added to tower clocks as well and greatly increased their
accuracy. Better escapements were also used. At present
the double three-legged gravity escapement invented by
E. B. Denison in 1851 is more used than any other in good
tower clocks. Its rival is the anchor escapement usually of
the dead-beat type.

In the United States the first tower clocks appeared
about 1700. The first one mentioned in that admirable
volume The Old Clock Book,by N.Hudson Moore, is a church
clock at Ipswich, Mass. The new Meeting House was
built in 1699 and had a turret for the bell. In 1704 a
clock with a dial was added. In 1735 the Third Parish
Meeting House in Newbury, Mass., procured a tower
clock. In 1740 the Meeting House in New Haven had a
new bell and clock. The clock had brass works and was
constructed by Ebenezer Parmilee. In 1740 the Reformed
Nether Dutch Church of Schenectady had a bell and clock.
In 1745 the first tower clock in Norwich, Conn., was placed
in the Meeting House. The list is probably far from com-
plete but there were very few tower clocks in the colonies
before 1750.

The construction of modern tower clocks is not always
exactly the same. The size makes some difference and there
are also differences due to the fact that they are made by
different firms. Again it depends upon what the clock is
required to do. Occasionally they indicate the time only.
Usually it 1s indicated on four dials, sometimes on only one,
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two, or three. Almost always the hours are struck on a
bell. Sometimes there are chimes at the quarters and be-
fore the hours. This of course requires a number of bells.
The construction also depends upon the space available for
the clock and upon the distance of the dials and bells from
the works. However, the construction of tower clocks is
so nearly the same that a description of one will give a
fair idea of all.

The following description will apply to a clock with four
dials about 7 feet in diameter located about 70 feet above
the ground, which strikes the hours and has chimes. It
will be assumed that the works are fairly near, say, on the
floor below the dials and bells. It will also be the construc-
tion actually used by one of the best makers of tower clocks
in the United States. It is thus the actual construction of
an average well-made tower clock that is being described.

A horizontal frame (see Figs. 204, 205, and 206) is ordi-
narily used for holding the works. This arrangement was
introduced by French tower clock makers somewhat before
1850 and has since become universal. The frame for the
clock under consideration would be a heavy rectangular
iron frame about six feet long and three feet wide and sup-

ported by four heavy legs at the corners about three feet
above the floor. The various parts of the clock movement
are fastened underneath, attached to, and placed above this
frame. The mechanism is usually divided into three dis-
tinct portions. In the center i1s placed the timekeeping
mechanism; at the right the mechanism for operating the
chimes; at the left the necessary mechanism for striking the
hours. Each will occupy about one third of the available
space.

The timekeeping portion of the clock movement con-
sists of the usual four groups of parts. There is the driving
mechanism, the transmitting mechanism, the controlling
mechanism, and the indicating mechanism. The driving
mechanism consists of a heavy weight attached to a wire
rope which is wound around the drum. The drum is about
two feet long, more than a foot in diameter, and sufhciently
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strong to withstand crushing. The weight must have
sufficient fall to keep the clock running eight days, and be
sufficiently heavy to drive it in all kinds of weather. It is
far better if the wire rope, when the clock is completely
wound up, forms but one layer on the drum. There is less
force lost in friction if the weight can hang directly from the
drum. This is very seldom possible, however, and usually
the wire rope is led off to the side of the tower by at least
two pulleys. In time the wire rope is sure to wear out and
break. There should thus be some arrangement to avoid
danger and damage when the weight drops. A box of
broken stone or sand can perhaps be kept at the place where
the weight will strike. As the weight is necessarily heavy,
it i1s usually wound up by means of a windlass, and an inter-
mediate winding gear is introduced to lessen the effort in
winding. The time required is of course increased. There
must be maintaining power, as it will require perhaps fifteen
minutes or more to wind the clock and there should be some
stop or automatic signal to tell when the weight is nearly
wound up. The weight is sometimes boxed in and if this
is the case the boxing must be sufficiently large so that if
the wood becomes damp and swells it will not pinch the
weight.

There is nothing new about the transmitting mechansim
except the size of the wheels, pinions, and arbors which 1s
necessary in order to transmit so much power.

The controlling mechanism consists of a double three-
legged gravity escapement and pendulum and these are
illustrated in Fig. 203. A gravity escapement is one in
which the impulse is given to the pendulum by a weight
falling through a constant distance. It consists of two
arms, A4, and A, which are hinged at the top, near the
bending point of the pendulum spring. They end at the
bottom in beat pins of brass or ivory which rest against the
pendulum. At B, and B, are located the locking blocks.
One is in front and the other at the back. In the center is
the double three-legged affair which gives the name to the
escapement. These two pieces are firmly fastened (squared
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on) to the last arbor of the time train and take the place of
the escape wheel. Two of the legs are lettered C, and C..
Between them are three pins which at times push the arms
A, and 4; through the two projections from the arms E,
and E;. As the pendulum moves to the right it carries
the arm A, with it and eventually pushes the locking block
B; from under the leg C,. The double three-legged escape
wheel now revolves until the leg
C, is locked on the block B. The
pendulum continues its excursion
to the right, carrying the arm 4,
with it until it finally comes to
rest and starts the return trip to
the left. The arm 4; follows the
pendulum down, giving it an im-
pulse until it is eventually stopped
by the projection E; coming in
contact with a pin. As the pen-
dulum goes on to the left it even-
tually pushes the locking block B,
from under the leg C, and the
three-legged escape wheel again
revolves until another leg is locked
on the block B;. In revolving
the pin pushing against E, has
raised the arm 4, a short distance.
The fact that the arm A, is car-
ried up by the pendulum a shorter

. :« FIG. 203.—A DOUBLE THREE-
distance than the arm follows it o A D TUREE-

down explains the source of the uEnT.

impulse to the pendulum. The

great advantage of this escapement is that it is entirely
independent of the amount of power on the train. Pos-
sibly the hands are so loaded with ice and snow and the
oil has so thickened due to cold that the weight is barely
driving the clock. The impulse given the pendulum each
time is just the same. Perhaps the wind is pushing the
hands forward so that there is a great excess of power on
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the clock. The impulse still remains exactly the same. A
fan-fly is always attached to the escape wheel arbor so that
the legs will not strike the locking blocks with too great
force. The pendulum should be compensated for temper-
ature. Usually an iron zinc tubular pendulum rod is used,
and the pendulum is made of such length as to swing in 1}
seconds. Sometimes the rod is of wood, in which case it
usually swings in one second. Sometimes a mercury com-
pensation pendulum is used. The pendulum is generally
attached to an A-shaped piece, fastened to the frame, and
swings in front of it. If the floor upon which the clock
stands is not very rigid, it is better to support the pendulum
by a bracket fastened firmly to the wall of the tower.

The indicating mechanism is usually fairlv simple. A
rod with a universal joint and turning in one hour leads
away from the clock to that part of the tower where the
hands and dials are located. “Here it sets in motion four
rods leading to the center of the four dials. Just behind
each dial is a typical under-the-dial mechanism (motion
work) for driving the hour hand from the minute hand.
There are fairly definite rules for the size of dials. The
diameter of the dial should be about one tenth of its height
above the ground. The figures and minutes together ought
to occupy about one third of the radius of the dial. It has
been found that gilt hands and figures on a black back-
ground or black hands and figures on a light background
show up best. The dial may be made of copper, any sheet
metal, wood, stone, or cement. If to be illuminated at
night, opalescent glass is ordinarily used. In all these cases
the dial is solid. Sometimes the bells are placed just be-
hind the dials. If thisis the case, then the figures and minute
marks are carried on iron rings and there is nothing but
lattice work behind the hands. This is necessary in order
not to confine the sound of the bells. The hands should
be as light as possible consistent with strength. They are
sometimes made of wood. Usually thev are hollow metal
tubes, reinforced frequently by internal diaphragms. Solid
metal hands would be too heavy. The hands are usually
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counterpoised and the counterpoises are painted the same
color as the dial, so that they are scarcely visible from the
ground.

The striking mechanism makes up about a third of the
clock mechanism and is generally located at the left of the
timekeeping _portion. The rack and snail striking mech-
anism is preferred to the count wheel. The snail is placed
on an arbor in the time train, which turns once in twelve
hours, and there is also a cam placed on an arbor turning
in an hour, which raises a lever and allows it to fall exactly
at the hour. This is the only connection between the
timekeeping portion and the striking portion of the clock
mechanism. The power for the striking mechanism is sup-
plied by a heavy weight — heavier than the one required
for timekeeping. This drives a train which ends in a fan-
fly, which must be of sufficient size to make the strokes of
the hour slow and regular. When the striking mechanism
is in operation, projections on the great wheel, attached to
the drum, pull the wire, which raises the hammer and deliv-
ers the blow to the bell.

The necessary mechanism for the chimes is placed at
the right of the timekeeping portion. This is very much
like the striking mechanism. A four-armed cam placed on
an arbor in the time train, turning in an hour, raises a lever
and lets it fall at the end of each quarter and just before the
hour. This starts the chimes. The power is supplied by a
large weight as before and there is also a train ending in a
fan-fly. The actual striking is done by means of a chime-
barrel. This is cylinder—shaped, like a barrel or drum, with
projections on its surface. As this revolves it pulls the
proper wires in order and delivers the blows to the bells.

The four figures, 204 to 207 inclusive, illustrate much
that has just been stated. In Fig. 204 is illustrated the
movement of a tower clock for time only as made by the
Seth Thomas Clock Co. of Thomaston, Conn. It is 45
inches wide, 41 inches deep, and 76 inches high. It has a
three-legged gravity escapement and an iron-zinc, tubular,
compensated pendulum. It is suitable for four dials, 18
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ment and a wooden rod pendulum. The fan-flys for the
striking part on the left and the chiming part on the nght
are plainly visible. It is g8 inches wide, 39 inches deep, and

FIG. 205. — A STRIKING AND CHIMING TOWER CLOCK MOVEMENT, BY THE SETH
THOMAS CLOCK CO.

72 inches high, and weighs 3800 pounds. The movement
of a striking and chiming tower clock, as made by the E.
Howard Clock Co., 373 Washington St., Boston, Mass., is
pictured in Fig. 206. The striking mechanism is on the
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right and the chiming mechanism on the left. The pendu-
lum (not shown) is at the back. This is a powerful clock,
capable of driving the hands on four dials, as large as 25
feet in diameter, and bring out the full tone of a bell as
large as 10,000 pounds in weight. In Fig. 207 is shown a
possible arrangement of a clock movement showing the
time on four dials and striking the hours. There are many

FIG. 206. — A STRIKING AND CHIMING TOWER CLOCK MOVEMENT AS MADE BY
THE E HOWARD CLOCK CO.

other ways of arranging the clock movement, dials, and
bell in a tower.

The following specifications for a tower clock of this
kind and size may be of interest. They are slightly modi-
fied from similar specifications given in Edmund Beckett’s
Clocks and Watches and Bells, and Ferson’s The Tower Clock
and How to Make It.

1. To make and place a clock with four dials feet
in diameter, striking the hours and Westminster quarters
on five bells, which would be the second, third, fourth, sev-
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enth, and tenor of a peal of eight, the tenor to weigh ——
pounds.

2. The dials to be made of If illuminated, the
dials to be of opal glass, 22 ounces per square foot, w1th the
figures and minutes of cast-iron in rings. There are to be
no bars radiating from the center. The opening in the wall
is to be the full diameter of the dial.

3. The minute hands to have short external counter-
poises, painted the same color as the dial. If illuminated,
the hands and figures to be black, with the framework of the
dial in gilt. If not illuminated, the hands and figures to
be gilt on a black background.

4. The escapement to be a double three-legged Deni-
son gravity.

5. The pendulum to have zinc and iron compensation,
to weigh about 200 pounds, to beat seconds and a half, and
swing through a total arc of 5°; or the pendulum to have
mercury compensation with a steel tube and cast-iron pan.
To be providea with a divided arc to observe the arc of
swing and a safety device in case the pendulum spring
breaks.

6. The clock must set on stone corbels or I-beams or
brackets bolted through the wall. The pendulum cock to
rise from the clock frame.

7. There must be a minute dial and a dial for seconds
attached to the movement.

8. The clock to run a little more than eight days and
have ample maintaining power while being wound.

9. The striking and chiming parts to be wound up
every days. The fourth quarter bell to have two
hammers.

10. The striking of the hours to be started indepen-
dently of the quarters, the first blow of the hour to be
struck exactly on the hour; the quarters to begin at 15, 30,
and 45 minutes.

11. The hour hammer to be not less than one sixtieth
of the weight of the bell, and to be raised not less than nine
inches; the quarter hammers to increase in weight from a
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sixtieth to a fortieth of the weight of their bells, to be
raised not less than six inches.

12. The small wheels to be of brass or hard gun-metal,
the large wheels may be of cast-iron. The pinions and
arbors to be of steel and all bushings of brass.

13. The drums to be sufficiently strong; the wire rope
to be one fourth inch in diameter and not wound more than
one layer on the drum.

14. The fan-flys to be at the back or above the clock
and large enough to make the striking uniform and sufhi-
ciently slow.

15. All the metal except working surfaces to be painted
some color (not black, as it is too hard to see).

16. There must be something to warn or stop the
winding; and some device to catch the weights if they fall.

17. All shafts to be made to be taken out separately
by unscrewing the bushings.

18. The clock to be inclosed in a room or case to keep
out unauthorized persons, to protect it from dust and dirt,
and to avoid sudden temperature changes and strong
draughts.

The care of a tower clock. — In order to get the best
results there is need of intelligent oversight and careful
handling in connection with a big tower clock. Every
janitor of a church or public building is not capable of taking
care of one. There are several matters to which particular
attention should be called.

In the first place all parts of the clock must be kept well
oiled. This applies also to the pulleys and wire ropes. The
pulleys should be well oiled to prevent friction and the wire
ropes should be oiled to keep them from rusting and thus
wearing out sooner. Some good mineral oil is best for the
wire ropes. If the oil on the parts of the clock becomes dis-
colored and dirty they should be wiped clean and fresh oil
applied. No oil should be applied where the beat pins
touch the pendulum. There is no disadvantage in an excess
of ol if it is wiped away before it gets thick and gummy.

The winding should be done carefully and at definite
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times. It is preferable to have a stop or automatic signal
when one comes to the end of the winding. If this is not
provided, then the wire rope should be marked so that it
can be readily seen when the winding is nearly finished.
There is great danger in coming up to the end with a bang.
A pulley is likely to be torn loose or the wire rope broken and
the weight allowed to fall. The striking and chiming
weights must not be wound when the clock is about to
strike or chime. No maintaining power is ordinanly sup-
plied for these.

Nearly every tower clock has some arrangement for
setting 1t ahead or back a small amount. Sometimes
there is a knob with a little hand attached to it which can
be moved over a dial divided into seconds. It is then
easy to set the clock ahead or back a few seconds or even a
minute or so. This works exactly like ‘“the slow motion
screw’’ on many pieces of physical apparatus. Sometimes
there is a circular disc with holes in it and opposite these is
a plug which fits into them. The clock is set by moving
the plug ahead or back a few holes. If the clock has a
three-legged gravity escapement, then there is no need of
a separate device for setting the clock, as it can be done with
great ease and without danger through the escapement. If
it is too fast, simply hold the double three-legged escape
wheel still for the correct number of seconds. If it is too
slow, then pull both arms away from the pendulum. The
escape wheel will then begin to turn rapidly and soon run
off the desired number of seconds or minutes. If the tower
clock is a good one and keeps good time, it ought to be set
whenever it 1s twenty seconds off. It will often require a
month or more for this to occur.

Sometimes it is necessary to regulate the clock to make
it run a little faster or slower. The pendulum usually
has a screw at the top so that its length can be changed. If
this 1s done it is ordinarily necessary to unscrew the clamp
from the pendulum spring before turning the screw which
lengthens or shortens the pendulum. (See Figs. 204, 205.)
This, however, is not the best way to regulate the clock, un-
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less the desired change amounts to more than, say, two
seconds per day. In other words, regulate the clock
within two seconds a day by lengthening or shortening the
pendulum and then use the following method: On nearly
every pendulum a short distance above the bob will be
found a little pan, fastened to the pendulum, in which
small weights may be placed. Since this pan is above the
center of gravity of the pendulum, adding small weights
will make the clock go faster and taking some out will
make it go slower. Pennies may be used for these small
weights, or small pieces of lead, or, best of all, wire nails.
It must be determined first how much difference one wire
nail in the pan makes in the running of the clock. To do
this let the clock run for a week and determine how much
it has lost or gained. Then put ten nails in the pan and
determine how much difference occurs in the rate of running
the following week. This will give the effect of ten and thus
one nail. Perhaps it will be found that one nail changes
the rate one third of a second a dav. From now on regu-
lation is easy, because one knows the number of nails to
use to get the desired effect.

There are different ways of treating a clock as regards
setting and regulating it. The three best will now be de-
scribed. The easiest and simplest is to let the clock alone
and simply set it every time it is twenty seconds off. If
it eventually seems to be persistently losing and one wants
to try to regulate it more closely, then add the proper num-
ber of nails and again leave the clock alone until it has
clearly demonstrated that it is steadily losing or gaining.
A written record should of course be kept of its behavior.
Another way to treat the clock is to regulate it every time
it is set. Thus if it has lost twenty seconds and must be
set, add as many nails as seem necessary to make 1t go
exactly right. Possibly the matter was overdone and the
next time it was twenty seconds fast when setting became
necessary. Then take out a sufficient number of nails to
make it go exactly right. This method without doubt re-
quires the least setting but the clock never settles down for
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a long period to the same rate. The third method is not
the best, but is good when an inexperienced person who does
not keep a record of the running of a clock has it in charge.
One weight sufhciently large to change the rate about two
seconds 1s used. When the clock gets slow (twenty seconds
or more) add the weight. It will begin to gain and eventu-
ally be fast. When twenty seconds or more fast, take off
the weight. It will begin to go slow and eventually be
behind. If this method is used it is not necessary to set
the clock and the regulation has become a very simple
matter.

The question of ventilation in connection with a tower
clock is one about which there are differences of opinion.
Some advocate inclosing the clock in a room as nearly air-
tight as possible. This will exclude dust and dirt, keep out
a large amount of moisture, and eliminate abrupt changes
in temperature. When the temperature outside rises
above the ‘temperature inside, moisture is apt to con-
dense on the clock and this is very bad. The best plan
is perhaps to avoid ventilation in winter when the clock
room is presumably quite a little warmer than out of
doors. The pendulum should never be in a draught of
air. Heavily oiled floors go a long way towards keeping
down dust.

One of the greatest troubles in a cold climate is the pre-
vention of frost work on the wheels near the dials. For a
climate where the temperature goes far below zero (F.) and
there are sudden changes in temperature the best arrange-
ment is to have the bells on a floor above the dials and to
have the clock work on the same floor as the dials. The
clock room can then be kept fairly warm and since the dials
can be solid the space back of them is usually quite a few
degrees warmer than out of doors. This reduces frost
work to a minimum. Coating the gears with near fluid oil
also helps. If the bells are on the same floor as the dials,
then the clock work must be on a lower floor. This is par-
ticularly conducive to the formation of frost work. In
such an arrangement the rods and gears are sometimes
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boxed in and electric lamps placed in these boxes to serve
as heaters when necessary.

Sometimes a tower clock stops and there is no apparent
reason. It has not run down and nothing has broken.
Usually if no one has tried to do something before the
caretaker arrives, the cause of the stopping is evident.
The more usual causes are these. Frost work on the gears
and rods near the dials; a swelling of the weight boxes so
that the weights have been pinched; lack of oil or too much
dirt and gummy oil on the parts; a failure of the striking
or chiming mechanism to operate causing the mechanism to
“jam” in some clocks at the next quarter or hour; a strong
draught of air on the pendulum.

The accuracy of tower clocks. — A first class modern
tower clock ought to run within five or six seconds a week —
about half a minute a month. To put it differently the clock
ought to maintain a constant rate for a period of several
months within a second or a little less. The following
table gives the errors and rates of a first class modern tower
clock with four eight-foot dials and chimes for a period of
a little more than four months. The clock was set twice
but not regulated during this period. It will be seen that
it ran well within the limits set in the opening sentences of
this paragraph. The average value of the rate was — 0.61°,
while the largest and smallest values were — 1.67° and
— 0.19°

Date ErroR RATE Date Ezror Rare
June 8, 1917 | s5.0° Slow | _ . The clock was set right.
1 40 Slow | T 233 llAug. 1 oot Fast | _
16 r.o* Slow | o710 6 2.0¢ Fast | — 0:12'
23 4.0 Fast — o.20° 25 1o.0* Fast | — Py
28 5.0 Fast | _ 0,588 Sept. 6 15.00 Fast | — o:;v
July 10 xz.g: ll::ast — o508 19 19.0* Fast
14 14.0* Fast | _ . .
18 16.0* Fast | g‘sg The |clock was agalin set right.
24 19.0° Fast | _ I'g, Sept. 21 3.0 Slow | _ 0.10"
27 22.00 Fast | T 12 [Oct. 2 10 Slow | ~ 9%
30 27.0* Fast or 13 14.0° Fast | _ o.%o'
18 17.0* Fast ’
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Some famous modern tower clocks. — The most famous
modern tower clock in the world is probably the West-
minster clock on the Victoria Tower of the Houses of Par-
liament in London. A general view of it is given in Fig. 208.
This clock has an interesting history and is a model of ac-
curacy. Unfortunately there was some controversy as-
sociated with its history and that of the bells.

Its history begins about 1844, while the tower was in
process of construction. It is probable that the architect
had made up his mind to have Mr. Vulliamy make the
clock. His plans were sent in as early as 1846 but were
not considered suitable by the Astronomer Royal for so
large a clock. Plans were also submitted by Whitehurst of
Derby and by E. J. Dent, of the Strand, London. In
November, 1851, Mr. E. B. Denison was asked to act as
referee with the Astronomer Royal. He was then a bar-
rister of some repute but turned his attention to clocks
and bells and became eventually very widely known. He
was born in 1816 and died in 1905. In 1874 he succeeded
his father as baronet, taking the title of Sir Edmund Beckett.
In 1886 he was called to the House of Lords under the title
of Baron Grimthorpe. He is the author of the very interest-
ing and valuable book entitled Clocks and Watches and Bells,
which has gone through many editions and had a very large
sale.

At this time, 1851, Whitehurst’s plans were not to be
found, and, since he had died, nothing further could be done.
Denison also disapproved of the Vulliamy plans. It was
finally decided in 1852 to have Dent make the clock. There
were two specifications laid down which made most tower
clock makers think that no clock could be constructed
which would fill them. The first was that it was to keep
time within one minute a week and the second that the
first stroke of the hour was to be within a second of the
true time. Dent only consented to make the clock from
plans which were to be furnished him by Denison.

The clock was accordingly made by 1854 and set run-
ning in the factory. In the meantime, 1853, Mr. E. J.
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Dent had died and the work was carried on by his son. In
1859 the clock was installed in the tower and in 1860 it
was set going. It proved to be a model of accuracy and
keeps time within a few seconds a week. The clock carries
the inscription “This clock was made in the year of our Lord
1854 by Frederick Dent of the Strand and Royal Exchange,
Clockmaker to the Queen, from the design of Edmund
Beckett Denison Q. C.” It was for this clock that Denison
invented the double three-legged gravity escapement.

The tower is 40 feet square and the four dials are 23 feet
in diameter and 180 feet from the ground. The dials have
a cast-iron framework filled with opalescent glass and are
illuminated at night. The hour hands are solid and made
of gun-metal. The minute hands, to make them lighter,
are hollow copper tubes reinforced with internal diaphragms.
They are g feet and 14 feet long, respectively.

The frame for holding the movement is 15} feet long
and 4 feet 7 inches wide. The pendulum is 13 feet long,
beats two seconds, and weighs about 700 pounds. It re-
quires about 20 minutes to wind the running part once a
week. The stnkmg and chxmmg parts are wound twice a
week and the time required is several hours. The escape-
ment is the double three-legged gravity.

The hour is struck on Big Ben II, a giant bell, weighing
13 tons and 11 cwts. The Westminster or Cambridge
chimes are rung on four bells weighing 3 tons 18 cwts.,
I ton 13} cwts., I ton 6 cwts., and I ton 1 cwt., respectively.
The clappers for these five bells weigh 766, 175, 80, 60, and
56 pounds, respectively.

These bells also have an interesting history tinged with
a bit of controversy. In 1856 the matter of the bells was
also put in Denison’s hands. Specifications were prepared
and submitted to three English bell-founders. One of them
undertook to make the bells and made the great one first.
This bell, Big Ben, came out thicker than the pattern, and
two tons heavier than was intended, and required a clapper
twice as heavy as was intended. It cracked after a
few weeks of use and it was found on examination that
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there was a great flaw where the two streams of molten
metal meeting round it had never joined. Ic was eventu-
ally recast by another bell-founder. Big Ben II also par-
tially cracked after a few months striking and those who
would paint things as black as possible claim that it was a
defective casting, porous, and unhomogeneous. It has been
turned so that the hammer strikes in a different place and
a lighter hammer is used. The four smaller bells were
successfully cast the first time. The total cost of the
bells, their support, the hands and dials, and the clock
movement was about £20,000.

The largest four-dial tower clock in England is said to be
the electrical clock in the tower of the Royal Liverpool
Society’s new building in Liverpool. The makers were
Gent & Co. of Leicester. The dials are 25 feet in diameter
and 220 feet above the ground.

The largest four-dial tower clock in America is the one
on the tower of the Metropolitan Life Building, Madison
Square, New York City. It is pictured in Fig. 209. The
tower has a frontage of 75 feet on Madison Avenue and 85
feet on Twenty-fourth Street and is 700 feet high. Its
construction was finished in 1909. The four dials are 26 feet
6 inches in diameter and 346 feet above the sidewalk. The
dials are built up of reinforced concrete faced with vitreous
blue and white mosaic tile. The figures on the dials are
four feet high and the minute marks are 10} inches in
diameter. The minute hand measures 17 feet from end to
end, 12 feet from center to point, and weighs 1000 pounds;
the hour hand measures 13 feet 4 inches from end to end,
8 feet 4 inches from center to point and weighs 700 pounds.
They are built on iron frames, sheathed with copper, and
revolve on roller bearings. The hour is struck on a
7000-pound bell with a hammer weighing 200 pounds.
The Cambridge or Westminster chimes at the quarter hours
are struck on four bells, the largest weighing 7000 pounds
(key of B flat); the second, 3000 pounds (E flat); the third,
2000 pounds (F natural), and the smallest, 1500 pounds
(key of G). They are mounted on pedestals between the
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marble columns outside the forty-sixth story, and are said
to be twice as high above the sidewalk as any other large
bells in the world.

As the evening darkness draws near, at any prede-
termined hour for which the mechanism may be adjusted,
hundreds of electric lights appear back of the dial numerals,
the minute marks and the entire length of the hands, all of
which are brilliantly illuminated with splendid effect — a
feature never produced by any other clock in the world.

Simultaneously with the illumination of the hands and
dials, an automatically actuated switch lights up a great
electric octagonal lantern, eight feet in diameter, located at
the top of the tower, from which powerful electric flash-
lights, marking the hours in the evening, may be seen for a
great distance, far beyond any possible transmission of
sound, the time being signaled therefrom as follows:

Each of the quarter-hours is flashed in red and the hours
in white light. One red flash for the quarter, two red
flashes for the half, three red flashes for three-quarters, and
four red flashes for the even hour — these latter flashes
followed by a number of white flashes marking the hour.!

It is an electrical clock made by the Self-winding Clock
Company of Brooklyn, N. Y. The description of the
works will thus be deferred until the next chapter in which
electrical clocks are treated. :

This clock is also a model of accuracy. It seldom gains
or loses more than one or two seconds a day and is set right
as soon as it is a few seconds out.

The oldest tower clock in New York City is the church
clock in the tower of St. Paul’s Chapel. It was built in
1766 and attended by Washington, whose pew remains. It
is pictured in Fig. 210. The clock was made by John
Thwaites of London in 1798. Of late years it has begun
to show its age. It is erratic and no longer keeps up to
the modern demand for accuracy.

The largest single dial clock in this country is the ad-

. 'Quoted almost exactly from a pamphlet: “The Metropolitan Life Building,”
issued by the company.
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vertising clock of Colgate & Company, located on their
factory in Jersey City and overlooking New York Harbor.
The dial i