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I wish to express my thanks to John Templeton for his assistance
in circuit design, assembly, and testing.

A pulse recognition circuit has been devised that enables it,
when used in conjunction with a digital counter and printer, to
determine the period of a torsional pendulum even though the amplitude
of the pendulum is variable and exceeds 360 degrees. This method
is easier to use, saves time, and is more accurate then a mechanical-
electro method previously used.
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I * INTRODUCTION

When the period of a torsional pendulum system containing a body
vhose mass moment of inertia can be calculated is compared with the period
of the ame system containing a body of equal mass, but irregularly
shaped, it is possible to determine the mass moment of inertia of the
irregularly shaped body. This method has been used quite successfully
by this agency for several years.

Although the period of the system should be unaffected by variation
in the amplitude of the torsional pendulum under constant mass loading,
slight discrepancies from period to period do occur because of bearing
misalignment and bandwidth of the time sensing element (variation in
time for the intensity of the light from the scurce to build up to
trigger sensitivity of the sensing element). This error is minimized by
averaging the results of several periods.

Until very recently, data were acquired by a combination of manual-
electro-optical methods that allowed loss of data during the readout
period. This report deals with a method by which all time periods can be
recorded without losing data that may be significant.

II.* TM TORSIONAL mIJU

The torsion4l pendulum consists of a platform suspended on a length
of steel wire. The platform is free to rotate in a bearing; the other
end of the wire is fixed. The body under study is placed on the
platform (Wig. 1).

When a measurement is to be made, the pendulum is wound, usually three
to five revolutions, and then released. Thus, the amplitude of rotation
of the platform will range from a minimum of approximately 1,000 degrees
to perhaps as much as 1,500 degrees depending on the tightness of the
wind. Of course, the fixed end of the wire does not rotate. Consequentlyt
the amplitude of rotation around the wire axis is constantly increasing
as the distance from the fixed end to the platform end increases (fig. 1).
Likewise, the velocity of points at equal radii and perpendicular to
the rotational axis increases as the distances of the planes of rotation
from the fixed end increase.

~i



MIRROR

120 DEGREES LIGHT SOURCE
ROTATION

LIGHT SOURCE

1000-1500 DEGREES
ROTATION

Vitur* 1. Arrangement of Trigger Sensitive Elements on Torsional
Pendulum.
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III. THE NFASURE•HD SYSBD(

Approximately 5 inches from the fixed end of the wire a mirror is
attached to the wire. At this point, the angular rotation of the wire

is approximately 120 degrees when the pendulum is normally wound.
Two light-sensitive elements and a light source are placed in the plane
of rotation at thls point. These elements form a right angle to one
another with the mirror at the apex. The light source is placed midway
between the sensitive elements at nearly equal radius. The amplitude
of rotation at this point is great enough to allow reflected light from
the mirror to trigger either of the sensitive elements, which serve
as parts of a logic circuit described later. Ideally, it would be desirable
to place the light-sensitive elements at the peak amplitudes of the
per".jlum, but since the amplitudes are variable, the peak positions
c .not be determined. Therefore, it is necessary to place the elements
at positions less than peak to insure triggering. This causes two
triggering pulses, one as the pendulum approaches the peak, the other as
it leaves. The logic circuit must determine which pulse of light to
accept. Furthermore, since the slopes of the light pulses to the sensing
elements are not step inputs but rather fanctions of the velocity of the
mirror, and since the mirror at this position is moving relatively slowly
compared with a position on the platform, this position is not desirable
as a time period pick-up.

The platform, which rotates at the highest velocity, is the most
desirable location for placing the time period element because its
velocity reduces the effect of the bandwidth of the light pulse and
provides a more accurate period measurement. However, as mentioned above,
the platform rotates several revolutions, an equal number in both
clockwise and counter-clockwise directions, causing several triggering
pulses per cycle as the sensing element passes the light source. To
make a period measurement it is necessary for the platform to be exactly
in the same position on successive cycles when the time pulse is accepted.
A specific pulse out of many generated must be selected. This is
achieved by the use of the circuit shown in Figure 2. P.C.1 and P.C.3 are
mounted as described above near the fixed end of the wire. P.C.2 is
mounted on the platform and a light source in the plane of rotation of
P.C.2 is placed to triger P.C.2. Ql requires a positive pulse to turn
it on and a negative pulse to turn it off. P.C.I and P.C.3 provide
these pulses respectively. P.C.2 provides the positive pulse to turn
on Q2. However, Q2 cannot be turned on unless Ql is on. The output
pulse from the Q2 emitter when Q2 comes on is the timing pulse. When Ql
is turned off Q2 goes off, also.
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Assume Qi and Q2 are off when the pendulum begins to rotate. If
P.C.2 or F.C.3 receives the first pulse, the circuit will not change state
because Q1 is already off and P.C.3 can only turn it off. Furthermore,
Q2 cannot come on because Q1 must be on first. However, if P.C.1
receives the first pulse, Q1 is turned on. Subsequent pulses from P.C.1
have no effect. Now, either P.C.2 or P.C.3 can have control, However,
because of the physical arrangement of P.C.2 and P.C.3, with P.C.2
on the platform, P.C.2 must receive several pulses before P.Co3 receives
a pulse. The first pulse on P.C.2 turns on Q2 and subsequent pulses
from P.C.2 have no effect. Therefore, a logical, sequential arrangement
exists where P.C.1, F.C.2, and P.C.3 control In that order. The timing
pulse from Q2 emitter drives a Hewlett Packard Model 5233L Electronic
Counter set in the "Period" mode. Thence, the signal is fed into a
Hewlett Packard Model 562A Digital Printer, which prints the time period
of each cycle of the pendulum.

IV. CONCLUSIONS

When only one period of the pendulum is measured the accuracy of
the system described above is no better than that of the system used
previously. However, because of the ability of the described system to
record every period of the pendulum, and because all the periods are
available for an average result, its statistical accuracy is better.
Furthermore, all data are automatically recorded, eliminating operator
error in reading and recording.
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