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1 Extreme clock accuracy

The NIST-F1 atomic clock loses about one second for every 3 x 101° seconds that pass. This
exercise explores this level of accuracy.

a) How many years does it take this clock to lose one second?

This level of accuracy is hard to fathom. Consider a similar level of accuracy in money
management.

b) Roughly how accurately do you know you bank balance and the value of your other
assets? To the nearest $0.01, $1.00, $10.00, ...?

¢) To give an idea the total household net worth in the United States is estimated to be
about $140 trillion. This is $140 x 10'2 = $1.4 x 10'. If we knew this to an accuracy
of the amount to which you know the accuracy of your own assets, would this match
the level of accuracy of the NIST-F1 atomic clock? If we knew the accuracy of the total
worth to within a single dollar, would this match the level of accuracy of the NIST-F1
atomic clock? How much more or less accurate is this?
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2 Reference standard for time

Throughout this course we have encountered various epochs of timekeeping

Ancient times: Sundials, water clocks,

Medieval times: Sundials, water clocks, verge-and-foliot clocks

17th — 18P centuries: Pendulum and balance-spring clocks, precision chronometers
19" century: Time standardization, electrical time-signaling

Early 20" century: Quartz timing standards and clocks

Mid 20t century — present: Atomic clocks

a) During each period what served as the ultimate authority or reference against which the
accuracy of any device could be checked? What are the issues with this reference?

b) During each period were there any better alternative ultimate references?
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