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Essay on the Posslbility of an Insulator of Gravity
B. P. Blasingame

F.

When one inquires into the possibility of creating or discovering
en insulator of gravity, it is dquite likely that the mind is prejudiced
by femiliarity with the techniques of magnetic or electrical insulation
and so 1g lead off in search cf some materisl subs*tance having magilcal
propertlies. If, however, one returns to the more clasgical definition
of an insulator which includes "to place in a state of isclation%, the
search may be broadened to include devices which will 1solate something
from the effects of gravity. A device which in this broader sense effect-
lvely insulates an accelerometer from the gravitational force 1s described
in this paper.”

It is freauently necessary to meassure the horizontal acceleration of
moving bases such as ships and airplanes. Einstein's laws of relativity
establish the fact that it 1s impossible to distingulsh between the speci~
fic force of gravity end the specific force due to any other acceleration.

It follows that it *c impossible to construct any physical acceleration sen-

sltive inc*trument which, by itselfl, can distingulsh between the acceleretions

related to movement over the earth's surface and the gravitational acceler-
ation, It is possible, however, to construct a pendulous platform with the
proper dynamics which will maintein the orientation of an accelerometer al-
ways normal to the local vertical and, hence, through thls device effective
ly "insulate" an accelerometer from the gravitational acceleration.™

In order to simplify this presentation of the problem, 1t i1s assumed
that the vehilcle maintains a substantlially constant altitude with respect
to the earth. The required dynamics of the pendulous platform may be
derived by considering a very simple instrumented pendulum which operates
in a single plane; the ultimste device myst be gimbmlled and two ortho-
gonal axes similarly instrumented.

Consider, then, the instrumented pendulum consisting of a large
balanced inertia to which is attached a very small unbalanced mass as
shown in the sketch.
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small unbalanced mass rigidly ettached
to large halanced inertls.
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In what follows, we consider that the arm supporting the small mess
m is initially lined up slong the local vertical and ask if 1t 1s possi-
ble to adjust the three parameters available, I, 1, and m such that this
arm remains along the instantaneous local vertical regardless of any arbl-
trary horizontal acceleration normal to the plvot axis of the system.

In the sketch helow, the system is shown st the left with the arm
of the unbalenced mass (or accelerometer) lined up with the vertical at
some arbltrary point of departure, (Vert)D and experiencing a horizontal
acceleration ap. At the right, the system is shown after some elepsed ¢
time displaced from the new true vertical, (Vert)t. The line along the arm
of the unbalanced mass is called the indicated vertical, (Vert)y. The
equations are derlived from the geometry of the problem and Newton's law
that the sum of the torques acting on a body must be zero. Equation (7)
is the differential equetion which relates the actual motion of the pen-
dulum, A(p.4) to the actual movement of the system over the earth,'A(D_t).
Equation ?8% expresses the desired condition that these two angles be”
equal for the perfect system and 1t follows that the condition expressed
by Eauation (9? must then be met.
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Torque applied : a md Cos(q/.o (1)

Inertia reaction = - ’JT Alp-<) = -7 ﬁ/f <) C(2)
£ Tovgue 0. aZm_( fmg//?ﬁ'-ty-f /Q/f-—v) o (3)
Beometry - Blot) = Plp)* D led) (1)
g R Pird): K e (5)

Substitute (@) and (5) into (3):
MLRA (p-t) + M9 Bp-2)- Pip=3) = L Bl p-) ©)
I/?/-f"") » on 44 (p-<) = o £ fp Blp-9) 4 mgl lp2) (1)
To make: Aip-<)=Ptlr-t) : or A =0 (8)

then:

L = oml K - Or Zime = e (9)

The period at which a pendulous device will oscillate when
disturbed from the local vertical is the single characteristic
which completely describes i1ts dynamics. In the followlng cquations,
1t ig shown that when this pendulum, adjusted as reaulred by
eQuation (9), is so disturbed, i1t will oscillate with the period
T = 2 BE/g = 84 minutes apnroximate‘y. This is exactly the period
of a simple pendulum having a length equal to that of the radius of
the earth.

Tordue applied = - 4-€ S'» n’gﬁ'»z‘) = - o4l /)/“’."’9 (10)
Inertia recction - — 7 A (<-2) (11)
S5 Jivgue:o - L B (-2)F gl Al O (12)

This is recognized as an osclllatory system whose natural freduency,
W, = /mg-é/z

or whose natural period is: 7
Tn = 2% V /gl
But for the adjustment required by eaquation (9):

Z, :
s = AE 4
& S 4’5’.1?0)((

= R ) Fayy = 27V L TELAD)
= X{[ mioutes A//arl,vz'ma;ﬁ-//,

.3.



We have now established that a pendulous platform which 1s
adjusted to have an 8L minute period will always remein in the
instantaneous local horigontal plane if initlally so estahlished.

An accelerometer mounted on such a platform will read only horizontal
acceleratlons and will be effectively insulated from gravity. Of course,
the crude device Just described is not realizable because of the large
friction inevitably encountered in supporting such a large mass. In
order to realize a prsctical instrument, we must substitute a gyroscore
for the large balanced inertia.to obtain in effect a very large inertia - .°
without an unduly high mass.
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We now imagine a gimballed platform on which are mounted a
gyroscope with its spin axis normal to the plaotform and two orthogonal
accelerometers, In addition, we must provide 4doraue motors at the
glabal bearings in order $o aprly precesslonal toraues to the gyro-
scopie element. If now we connect the output of each accelerometer
to the appropriete torque motor (the associated eccelerometer and
torque motor must be orthogonal) so that a precessional %torque exactly
proportional to the accelerometer output is produced, we will have _
a "first order erection system" for the verticel gyro. The instrument-
ation Just described 1ls the stendard method of obteining a vertical
reference in an alrplane autopilot system. If disturbed from the
vertlcal and the vehicle is not asccelerating, such a device will
settle onto the vertical exponentially. In the presence of horizontal
accelerations, such a device will settle onto the line which is the
resultant of the gravitational acceleration and the average horlizontal
acceleration.

In order to impart to this common device the second order
oscilletory characteristic, 1t is only necessary to integrate the
output signal of the accelerometer with respect to time and apply
this integrated slgnal to the tordue motors. If now we adjust the
avallshle pnarameters: accelerometer, integrator, and torque motor
sensitivites, and the gyro angular momentum so that the system has
the reauired 84 minute oscillatory period, we can actually realize
a practical Iinstrument having the reauired characteristics.

The constant angular velocity of the earth which the system
must account for 1is provided by setting the proper inltesl integrator
settings and by giving the system directional stability with a
second gyroscépe., Additional refinement is required to compensate
the system for Coriolis acceleration. The instrument is complete
in itself for the purpose of "insulating" the accelerometers from
the gravitational acceleration. The outputs of the same accelerometers
which are used in the basic mechanization can be connected to suitable
indicating or recording instruments and will read the accelerations of
the vehicle which are related to its actual motion in space and not in-
clude any component of the gravitational acceleration.™

From the literature, it appears that the required 84 minute
characteristic of a pendulous device to achleve a verfect vertical
indicating instrument for use on a moving base was flrst recognized
by Schuler and reported by him in 1923 (1). Further, Schuler
recognized the difficulties of realizing such a device and actually
proposed a design utilizing a pendulous gyroscopic element, However,



Schuler's proposed device was a simple pendulous gyroscope which
would precess around on a conical surface requiring 84 minutes for
one complete revolution. It can be shown that the mean position of
two such gyroscopes rotating in opposite directions exhiblits the

same characteristic as that of the correctly adjusted second order
system described herein, On this basis, the 84 minute adjustment of
vertical indicating end compass devices is sometimes referred to as
the Schuler tuning of such instruments. This early work with some

of Schuler's proposed designs is described in a peper by Wrigley (2).

Thus we see, that it is dulte possible to "insulate" an instru-
ment such as an sccelerometer from gravity using well established '
theory and instrumentation techniques. We may say that here is a
specific example of an insulator of gravity.
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