




















































































































Constant force escapement on No. 4 tourbillon carriage, showing
4th wheel, cocking wheel, constant force lever, primary detent and
spring, balance wheel and spring, passing spring, locking detent,
constant force lever spring, and governor wheel.

capement, except to provide power to cock the sepa-
rate spring supplying even power to the constant
force lever for each beat of the watch.

The Clark No. 4 is a rather large waich,
having an overall case diameter of 65 mm. Size seems
to be a common denominator with accuracy, com-
plexity, and long reliability on these Breguet style
tourbillons as made by Breguet 200 years agoand as
made in the late 20th century.

There are three degrees of sophistication ina
tourbillon watch, all depending on the sophistica-
tion and complexity of the escapement mounted on
the rotating tourbillon carriage.

(A) The lever escapement.

(B) The detent chronometer escapement.

(C) The constant force and remontoire
escapements.

Tourbillons with lever escapements have even
been made so small by watch manufacturing firms in
Europe as to be fitted into wristwatches. But in the
latter two escapements the finished watch tends to
be a much larger pocket watch.

Original Breguet watches are rapidly getting
out of reach to even the advanced collector. In a
recent auction of 204 Breguet timepieces by
Habsburg's in Geneva, April 14, 1991, a sympa-
thique combination mantle clock and tourbillon
watch brought one million dollars. Others fetched
nearly as much. Thus, contemporary versions of
Breguet's horological art by the likes of Gene Clark
have become highly collectable. The great prestig-
ious watch firms in Switzerland have for many years
produced custom-made tourbillons and other exotic
watches in the style of Breguet. It should also be said
that the Breguet firm in Paris still exists, along with
their production records dating back to Abraham
Louis Breguet's origin of the firm. Their watches are
all in the original style of Breguet--even wristwatches.
These firms probably employ a small coterie, or
group, of specialists whose work goes into each
watch, which is a principal difference with the indi-
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Clark No. 4 tourbillon with constant jorce escapement installed in
the movement.

vidualistic approach of Clark, who does the complete
watches all by himself.

Clark signs all of his watches with his last
name, the serial number, and "USA." These are
engraved for him by his friend and master engraver
Lynton McKenzie. This engraving is essentially the
only thing Clark did not do on the watch himself.

Note that where Clark's No. 7 had twin main-
spring barrels, his No. 4 has one barrel. No. 7 has a
one-minute tourbillon, No. 4 being a four-minute
tourbillon. No. 4 is wound by inserting the male end
of the ratchet key into the square next to the spring
barrel and turning counterclockwise. The watch is
set by inserting the female end of the key over the
square on the center wheel cock. The split gold chain
and ratchet key are both typical original Breguet--
the type he supplied with his watches 200 years ago.
It allows the watch to be wound in short repeated
fractional turns, much like an ordinary ratchet wrench.
It is a vast improvement over an ordinary key which
wraps up the chain with each full revolution and
increases the chance of snagging the chain into the
movement and balance wheel. Even removal of the
ordinary key from the chain is not always a solution.
Often there is not sufficient room for the owner's
fingers and knuckles to clear the case covers to ro-

Moon phase setting button on case band, Clark No. 4.
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tate a full revolution repeatedly, which often requires
the watch be wound in half turns and removal and
resetting for each half turn--a slow, painstaking, and
annoying daily process. No wonder that keyless
watches were invented! It is also amazing that keywind
watchmakers did not widely adopt the Breguet ratchet
key, which nearly equals the keyless watch for wind-
ing convenience.

The bridgework and back plate of the No. 4
are handsomely gilted in gold in a special chemical
process eliminating the need for fire gilting. The
entire case--back cover, band, bezels, hinges, pen-
dant, and bow--are all 18K gold-alloyed and rolled by
Clark himself for consistency, malleability, and color.

The dial face consists of a time dial, subsidi-
ary seconds, lunar moon phase, and an "up-down"
winding indicator, made entirely of silver. The time
chapter frame and lunar aperture frame are of silver
turned directly on the main dial plate. The wind
indicator sector frame is also turned silver, but
applied to the dial plate. All of the white background
is engine-turned. The engine turning consists of
microwidth grooves circular turned inside the time
chapter and radially turned in the other areas. The
surface is finished in a whitening process that gives
the dial the look of fired porcelain, even though it is
silver. Lynton McKenzie did the dial engraving and
movement engraving, including the Clark name and
signature.

The Iunar moon phase disc is set by a small
button in the outer case band at the 8 o'clock
position. Setting or correcting the lunar disc, the
hands are first set anywhere between 4 and 8 o'clock
and the button punched in and out using the tip of
the ratchet key, the hands, then reset again to the
proper reference time.

Watchmaker Clark is the first person on
earth to deny that a complex timepiece like a con-
stant force escapement on a tourbillon is not beset
with challenging problems. The greatest problems
were associated with the speed of the components

Clark No. 4 time dial, moon phase, and wind indicator. Dial is all

engine-turned sterling silver.
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and the high change of speed in each beat. An
example was the cocking of the escapement--so fast
the primary detent did not have time to fall and catch
the constant force lever. He was forced to re-design a
slightly different form on the cocking wheel teeth,
and re-design the cocking jewel in the constant force
lever. This holds the lever in the cocked position a bit
longer so the primary detent has more time to fall
safely.

Clark made everything in the watch, except
Lynton McKenzie did the engraving. Sergio Brecher
of New Jersey made the high-quality glass for the
case. Clark fitted but did not make a Swiss-made
hairspring.

Clark made the entire case himself. Every-
thing in the case is rolled stock which he alloyed and
rolled himself. There are no castings. Rolled stock
makes for a very tough, springy case, in his opinion.
A wood presentation box was made by John Bevins
with the French fitting and lining by McKenzie. The
18K gold hinges and latches were made by Clark.
And, of course, the 18K gold split chain was made by
Clark, as was the ratchet key, the latter being gold
and steel.

The dial silver is sterling silver. It is chemi-
cally treated to bleach the surfaced in the engine-
turned portion, and then lacquered. Clark made a
rather simple engine-turning machine to cut the
radial lines in the surface. There are 360 radial lines
in the surface of the dial. It takes several passes to get
the lines to proper depth . . . all done with a single
tooth cutter.

The bridges, cocks, and plate are gold-gilted
in a rather time-consuming process using chemi-
cals, but is not a mercury fire gilt. The plates, cocks,
and bridges are made of various brass alloys, but
usually a somewhat hard-leaded brass alloy for
components. The main tourbillon carriage, the bal-
ance, and the constant force lever are all of stainless
steel (303). The other mechanical parts are brass,
nickel, carbon steel, and gold.

Clark says there are about 28 jewels in the
No. 4 watch. There are 22 in the carriage and 6 in the
wheel train. He made the jewels himself of synthetic
ruby. The cocking jewel is clear sapphire.

He says a 4-minute carriage has a bit fewer
inertia problems in locking and unlocking than a
one-minute, such as his No. 7. However, they are
also heavier, and he feels it would take a book to
describe the pros and cons of each. He personally
favors a one-minute carriage, and has even contem-
plated a one-minute constant force tourbillon, but
also fears he must be "crazy" to have even thought of
it!

Clark alloys his own gold from fine gold for
several reasons, but the main one is the complete
control he has over his own creation in "workability"
and color matching of each component.
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I asked Gene Clark what traits, skills, and
tools a watchmaker must have to produce a No. 4 or
a No. 7. His reply:

(1) A bit of insanity can be very comfort-
ing at times. (The man has what I would call a
dedicated sense of humor.)

(2) A good library is necessary on fine
watches, watchmaking, repairing, and tools.

(3) Machinery is rather important, but
the most important thing is patience and experience.

4) Every watch, and every piece of a
watch, must be better than the last one. The desire to
improve has to be the most important aspect of all.

The framework of this advice is obviously one
that could well be applied to any field of endeavor--
whether you are a world-class watchmaker, or what-
ever. It strikes me as the mark of a man who has
thought and done well in achieving a pinnacle of
success that only comes about by tenacious, but
patient, pursuit.
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Time dial and moon phase chapter rings of silver. White back-
grounds are also engine-turned sterling silver.
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An Introduction of the Ship's Chronometer to Naval Use
and the
U.S. Naval Observatory
Part 1

A s early as 1530, Gemma Frisius, a Flemish astron-
omer and mathematician, in a paper entitled De
Principes Astronomiae et Cosmographiae, proposed the use
of a timekeeper for determining longitude. However, at
that time there were very few portable mechanical clocks,
none of which were accurate enough to be used on board
ship.

Navigators with some knowledge about astron-
omy could determine which hemisphere they wereinand
their approximate latitude, but not their longitude. Thus,
they were reluctant to lose sight of land. The problem was
compounded when it was necessary for them to under-
take long sea voyages and have to resort to the dead
reckoning method of determining their position. When
Magellan sailed in 1519, his navigational equipment con-
sisted of charts, parchment skins to be made into charts
enroute, wooden and metal quadrants and astrolabes,
compasses, terrestrial globe, their rutter, log, and hour
glasses. Time measurements aboard ship were deter-
mined by hour and half-hour sand glasses. Hence, in the
16th century, the navigator had only crude charts of the
known world, a compass to steer by, instruments with
which he could determine his latitude, a log to estimate
speed, and some solar tables. The main obstacle still to be
resolved was an accurate method of determining longi-
tude.

The first method widely used at sea to determine
longitude with some accuracy was the lunar distances, by
which the navigator determined GMT by noting the posi-
tion of the moon among the stars. However, the move-
ment of the moon was not fully understood and thus this
method was far from satisfactory, resulting in the loss of
many lives, ships, and cargoes. After the loss of lives,
when a British armada ran aground on a foggy night in
1707, officers of the Royal Navy and Merchant Marine
petitioned Parliament to take action. As a result, Parlia-
ment passed The Act of 12 Queen Anne, "An Act for
Providing a Public Reward for Such Person or Persons as
Shall Discover the Longitude at Sea." As provided for in
the Act, the Board of Longitude was established in1714,

empowered to reward anyone who could devisea method
of solving the problem of determining longitude at sea.
The Board stipulated that a test to deem whether the
method was seaworthy was to be a voyage between
England and the West Indies, where the longitudes were
fairly known. The discoverer of a system which could
determine the longitude within 1°, 60 miles by the end of
the voyage was to receive £10,000; within 40', or 40 miles,
£15,000, and within 30", or 30 miles, £20,000.

The Act did not stipulate that it had to be a
"portable timekeeper," only a method. Thus, an array of
astronomers, mathematicians, and clockmakers began to
devise and experiment with various ideas, hoping to be
the first to deliver a practical solution. Since the story of
how John Harrison, a Yorkshire's carpenter's son, being
the first to produce an accurate seagoing timekeeper is
well known and documented, little else needs to be said
regarding this ingenious craftsman.

Although the search for longitude had ended,
understanding the movements of the sun, moon, stars,
and planets and the preparation of astronomical data and
tables and their application to celestial navigation pre-
sented other challenges that had to be reckoned with. As
more and more mariners began to accept the chronome-
ter, astronomers had to develop tables which could be
used to calculate local time. Such tables informed the
navigator that on a particular date and time, certain
celestial bodies, particularly stars, assumed certain posi-
tions on the face of the sky. With this information and
applying the appropriate corrections, a navigator could
determine his local time.

Thus, by means of observations, astronomers were
able to pinpoint the location of various celestial bodies,
enabling ships embarked on long voyages to always have
in their possession the accurate location of the sun, moon,
and stars noted for every day of the year. Professor
William A. Rogers, in his address at the dedication of the
Ladd Observatory in Providence, Rhode Island, stated it
so conclusively when he said, "It thus appears that the
work of observatories blends so intimately with modern
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