Conducted by C. L. Stong

echnological advances have rele-
I gated pendulum clocks to the
status of charming but unreliable
antiques. One such instrument, however,
has been modernized by its enthusiastic
owner, Laurance M. Leeds (10232 El
Dorado Drive, Sun City, Ariz. 85351).
Leeds coupled his 80-year-old Seth
Thomas wall clock to a quartz-crystal
oscillator. The clock now ticks off the
time to an accuracy of about one second
per year.

“As a clock fancier,” Leeds writes, “I
have long enjoyed the operation of pen-
dulum wall clocks. I have also often
wished that I could somehow make one
run with high accuracy. Eventually it oc-
curred to me that perhaps I could syn-
chronize the beat of the pendulum to a
submultiple of the fixed frequency of a
quartz-crystal oscillator. The experiment
worked. Week after week the old pendu-
lum now ‘notches up’ the 60th second of
every minute in almost exact coincidence
with the signals of radio station WWYV,
on which the National Bureau of Stan-
dards broadcasts accurate time and fre-
quency data.

“For my Seth Thomas clock I designed
the system of electronic synchronization
to control the rate of the pendulum
through any tendency it might develop
to vary within a maximum range of
about 30 seconds per day. In other
words, the pendulum remains locked to
a submultiple of the frequency of the
crystal even though the clock experi-
ences forces that would cause an uncon-
trolled pendulum to speed up or slow
down by as much as 15 seconds per day.
This hold-in-range capability is consid-
erably more than adequate because with-
out controls the clock kept time to with-
in a few seconds per day for many years
in spite of variations in temperature and
barometric pressure and the degrada-
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A venerable clock is made highly accurate

by equipping it with quartz-crystal works

tion of the oil in the bearings of the clock.

“The heart of the timekeeping system
is the quartz-crystal oscillator. The qual-
ity and the cost of this apparatus can
vary widely. The devices are available
commercially and can also be made at
home.

“The best commercial oscillators have
a short-term stability of better than .0001
second per day, or roughly one part in a
billion. Their cost, however, may be be-
yond the reach of most amateurs. More-
over, to realize the full potential of the
best oscillators the experimenter must
have access to equally costly accesso-
ries for calibrating the crystal periodi-
cally. The performance of quartz crys-
tals changes with age.

“Experimenters who are modestly
well equipped to construct electronic de-
vices can make relatively simple crystal

" oscillators by dispensing with precise

temperature controls and the other re-
finements of the best oscillators. Al-
though these simplifications reduce the
timekeeping accuracy of the oscillator
by several orders of magnitude, the re-
sulting performance is still impressive.
For example, a quartz crystal of the
‘AT-Cut’ family that has been ground to
vibrate at a selected frequency of from
one to five megahertz will, when it has
been properly compensated by a tuning
capacitor of negative temperature co-
efficient, maintain an accuracy of one
part in 10 million through a temperature
variation of 15 degrees Fahrenheit. (Inci-
dentally, experimenters who rely on the
transmissions of WWYV as the calibration
standard must bear in mind that a single
calibration cannot be assumed to be bet-
ter than one or two parts in 10 million.
The station’s signals reach most receiv-
ers after one or more reflections from the
ionosphere, which is rarely at rest. The
Doppler shift and vagaries in electro-
magnetic propagation therefore degrade
the accuracy randomly.)

“I made my oscillator with a crystal
bought from the International Crystal
Manufacturing Company (10 North Lee,
Oklahoma City, Okla. 73102). When I
ordered the crystal, I specified the fre-
quency and mode of its operation, the

value of the tuning éépacitance and the
type of holder in which the crystal was
to be mounted. I also informed the man-
ufacturer that the crystal was for a horo-
logical application in which a minimum
variation in frequency was essential; that
the operation was to be at room tempera-
ture within the limits of 20 and 28.5 de-
grees Celsius; that within this range the
frequency must not increase with tem-
perature, and that the rate at which the
frequency changed within the specified
range of temperature must be within
limits sufficiently narrow to be nullified
by the use of a Type N750 capacitor for
a portion of the tuning capacitance. The
N750 is a special ceramic capacitor that
has a negative coefficient of temperature
of about 750 X 10-¢ per degree Celsius
[see top illustration on page 194].

“Before making an exact measurement
of the temperature characteristic of the
crystal I operated it continuously in an
oscillator circuit for a period in excess
of three months. I find that this ‘aging’
is necessary for the short-term stability
of the crystal to settle down to a few
parts in 100 million. After this procedure
I put the crystal and its oscillator circuit
in a housing fitted with controls for main-
taining any desired temperature within
the specified range of operation.

“The influence of temperature on the
rate at which the crystal vibrated was
then measured and tabulated as I altered
the proportion of Type N750 capaci-
tance in the tuning capacitor. Proper
temperature compensation requires the
accuracy of these measurements to be
one or two parts per 100 million. The
measurements are made by beating the
unknown frequency against a secondary-
standard crystal oscillator of known sta-
bility. Piano tuners employ the same
principle when they beat the sound emit-
ted by a string agamst that of a tuning
fork.

“From graphs of the tabulated mea-
surements it is simple to determine the
proportion of the tuning capacitance
that should consist of negative-coeffi-
cient capacitance to achieve optimum
stability through the specified range of
temperature. In designing with series






