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1 Manufacturing portable mechanical watches

The basic design for mechanical watches was finalized in the late 18" century and demand for
portable watches emerged during the 19" century. A portable watch would have a diameter
of about 3inches and the machinery of the watch would have to be made at a suitable size.

a) Find the Wikipedia page “Mechanical Watch.” This should show images of the internal
mechanism of various portable watches. The “Mechanism” section shows a cutaway
drawing of a pocketwatch. Identify at least three types of components inside this watch
that are crucial to its functioning.
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b) These components obviously need to be produced with very precise dimensions in order
for the watch to tell time accurately. How precise? A rough way to estimate this is via
the sizes of a gear in the mechanism. Here

seconds lost in one hour  deviation from correct diameter of a gear
1 hour in seconds correct diameter of a gear ’

Suppose that one wanted to lose at most 5.0s every hour (roughly two minutes per day).
Estimate the diameter in inches of any gear in the illustrated watch mechanism. Use
your estimate to determine the deviation from the correct diameter that will give this
time keeping error.
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¢) Do you think that, in the early 19*" century, it would have been more feasible to produce

an accurate clock by making the mechanical pieces by hand or by a machine available
at that time? Explain your answer.
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d) Looking at a watch, roughly how long might it take for a skilled person to make the
entire mechanism of a watch by hand? Roughly how many watches could be made by
hand by a single skilled watchmaker in one year?
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e) The population of the United States in 1850 was about 23 million. Roughly how many
watch makers, working by hand, would it require to equip everyone with a watch within
two years? Does this seem feasible? As a basis for comparison, Switzerland, the major
center for watch production in the world at the time, produced about 2.2 million watches
in 1850.
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f) In order to satisfy worldwide demand for watches by the mid 19" century, production
would have to be increased to at least ten times of what it had been previously. This
would require mass production by machines. What difficulties would have hindered this
at that point?
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