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1 Crystal oscillator

A crystal can be constructed to oscillate with a (natural) frequency of 40000 Hz. This is i
intended to be used to regulate a clock that counts time in increments of one second, This
means that it is constructed so that it advances the time that the clock displays by exactly
one second after every 40000 oscillations.

This crystal oscillator can be made to oscillate appreciably anywhere in the range of frequen-
cies 39999.80 Iz to 40000.20 Hz. The electronics still counts off the number of oscillations and
advances the second hand after the same number of oscillations that it would for 40000 Hz.
This will cause errors in the timekeeping. We want to see how much error.

a) Suppose that the oscillator is actually oscillating at 39999.80 Hz. How long does it take
to do one oscillation? How much time actually passes when the clock display advances
by exactly one second (i.e. while the electronics counts of exactly 40000 oscillations)?
How much time does this clock gain or lose every second? How much time will it gain
or lose per day (864008)7
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The same size error occurs if the oscillotor is actually oscillating ot 40000.20 Hz.

b) How long would it take the oscillator that oscillates at 39999.80 Hz to lose 0.001s7
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¢) What sorts of tasks that you have done require timing that is this precise? What sorts
of tasks that you might do require timing that is this precise?
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