
Period of a Torsion Pendulum as Affected by Adding Weights
Erwin J. SaxlMildred Allen

Citation: Journal of Applied Physics 40, 2499 (1969); doi: 10.1063/1.1658022
View online: http://dx.doi.org/10.1063/1.1658022
View Table of Contents: http://aip.scitation.org/toc/jap/40/6
Published by the American Institute of Physics

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/949446391/x01/AIP-PT/JAP_ArticleDL_050317/PTBG_instrument_1640x440.jpg/434f71374e315a556e61414141774c75?x
http://aip.scitation.org/author/Saxl%2C+Erwin+J
http://aip.scitation.org/author/Allen%2C+Mildred
/loi/jap
http://dx.doi.org/10.1063/1.1658022
http://aip.scitation.org/toc/jap/40/6
http://aip.scitation.org/publisher/


D Y N A M ICC 0 M PAC T ION 0 F Due TIL E P 0 R 0 U SMA T E R I A L S 2499 

tive relation which exhibits qualitatively most of the 
observed features of stress wave propagation in porous 
materials at both high and low pressures. The theory is 
essentially equivalent to a plasticity theory in which 
distortional yielding occurs at negligible stress, but 
plastic volume compression is governed by a yield condi
tion given by the compaction relation Eq. (6), or, for 
the example given, by Eq. (20). 

It has been shown that relatively simple functions 
for the compaction relation [Eq. (6)J and solid equa
tion of state [Eq. (1) J suffice to fit experimental 
Hugoniot data for porous iron and aluminum. The 
constitutive relation can be used in numerical solution 
methods to solve stress wave propagation problems, as 
shown by the examples which have been given. Stress 
wave profiles, unloading behavior along release isen
tropes, and pulse attenuation, which is closely connected 
with the unloading behavior, have not yet been verified 
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eJ..'perimentally. It is to be hoped that suitable experi
mental data to illuminate these aspects of the theory 
will be forthcoming. 

One assumption which has been made in the theory is 
that voids do not reopen in the time scales of interest in 
stress wave propagation. While there are strong experi
mental indications!6 that this is true for d-Jctile porous 
metals, it may not be true for other materials such as 
polymeric foams. The assumption can readily be relaxed 
if experimental data on unloading in such materials 
become available. Another assumption which has been 
made is that the shear strength is negligible throughout. 
While the comparisons with available experimental data 
do not show discrepancies attributable to this assump
tion, subsequent investigations may reveal the need for 
inclusion of shear strength. Finally, neglect of melting 
phase changes limits the pressure range over which 
the present theory might be expected to be applicable. 
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A precision torsion pendulum with electronic resetting mechanism is described. Prior to each Swing, it is 
held electromagnetically against a stop where it stays for several seconds, held by an automatic time delay. 
Upon each release, the rotating disk thus has exactly the same starting potential. After a free rotation of 
several degrees, a beam of light reflected from a mirror on the disk sweeps over a photocell starting a crystal
controlled electronic digital counter. The pendulum then continues clockwise to its maximum excursion and 
reverses. Upon its counterclockwise return motion it stops the counter as the beam of light sweeps over the 
photocell in the reverse direction. The recorded times are printed out automatically. They are observed with 
and without concentric weights added to the rotating disk. In adding weights, there are four factors which 
act to lengthen the period of the pendulum: the increase in the moment of inertia due to the masses of the 
added weights, the change in dimensions of the suspending wire, the decreased torsional stifiness of this wire, 
and the energy used in raising and lowering the disk because of the Poynting effect. The latter three depend 
on the weights added. When account is taken of these four factors, there is excellent agreement between the 
observed and computed changes in period with the added loads. Proof is thus furnished that the period of a 
torsion pendulum is weight sensitive. 

INTRODUCTION 

In the following paper! a study is made of the effect 
of varying axial tensiOIi on the torsional stiffness of a 
circular wire, which is twisted statically within its elas
tic limits. As the tension is increased the wire becomes 
slightly thinner and longer and hence its torsional stiff
ness is decreased. An additional change in stiffness was 
noted indicating a change in the torsional elastic be-

1 M. Allen and E. J. Saxl, J. Appl. Phys. 40, 2505 (1969) 
(following paper). 

havior of a wire under varying tension. This paper is 
a study of the same problem from a dynamic viewpoint; 
the period of a precision torsion pendulum is observed 
as the tension is changed by adding weights to the 
rotating disk. These increases in period depend on four 
factors: the increase in the moment of inertia arising 
from the mass and the geometry of the added weights, 
the decrease in torsional stiffness of the suspension 
arising from the change in wire dimensions caused by 
the added tension, the basic change in the elastic tor
sional wire stiffness with load, and the energy used in 
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FIG.!. Schematic diagram of the pendulum: (1) Ground ceramic 
ring with conducting surface; (2, 3) concentric fittings held to
getherbyscrew (4) andcbuck (5); (6) Ni-Span-Csuspension; (7) 
chuck; (8) insulated supporting platform; (9) ~crew and nut 
fastener; (10) electric connection; (11), (12), (13), (14) insulat
ing rods; (15), (16) cross pieces supporting soft iron sboes (17), 
(18); (20) mirror; (21) concentric sbield. 

raising and lowering the disk because of the Poynting 
effect.2 The problem is to determine whether the static 
and dynamic results are consistent, one with the other. 

THE INSTRUMENT 

Regenerative pendulums have been known for some 
time. In their simplest form, there are the mechanical 
escapements such as clock mechanisms. In more so
phisticated devices, the swing of the pendulum inter
cepts a beam of light acting upon photocells or influ
ences a restoring circuit by means of proximity sensors, 
contacting mechanisms or tilting mercury switches. 
These, sometimes after amplification, energize electro
magnetic actuators which accelerate the pendulum dur
its swing, thus adding energy to compensate for air 
damping, friction in the suspension mechanism, and 
other energy losses. 

These systems have in common the fact that they 
add an indeterminate energy input to the pendulum 
in motion. The time of closing the energizing circuits 
may vary due to variations in the tooth form within 
the escapement or the electric parameters in electri
cally initiated methods of energy restoration. 

For instance, when an electric switch is closed and 
opened thereafter, a minute amount of arcing takes 
place that may vary from one actuation to the next 
one. Also time-delay relays do not stay energized for 
precisely the same interval. Hence, energy injection 
differs as a function of contact duration. Thus, energy 
restoration as made heretofore lacks the precision which 
assures the observer that the pendulum is starting with 
the same potential energy on each and every swing. The 
observed time is then essentially the average obtained 
from many oscillations whereas in the instance of the 
instrument to be described hereafter, the experimental 
conditions are such that every single oscillation is sig
nificant per se. 

I J. H. Poynting, Proc. Roy. Soc. (London) A82,546 (1909). 

The construction described here3•4 differs in that the 
torsion pendulum at the end of its return motion, 
when it has almost reached its greatest twist, operates 
a photoelectric sensor. After adequate amplification 
this causes soft iron points attached symmetrically to 
the rotor to be drawn electromagnetically into two dc 
operated solenoids, against positive stops. It is held 
there until all pendulum motion has ceased. 

Figure 1 represents schematically a simplified ver
sion of the instrument. The pendulum, of weight 51.5 lb, 
consists of a ground ceramic ring (1), 49.6-cm in o.d., 
l2.7-cm in i.d. and 1O.l-cm thick. Its fine-grained sur
face is made conductive by a colloidal suspension of 
graphite known as "Aquadac." Two concentric fittings 
(2) and (3) on its top and bottom are held in place 
by the screw (4) which ends in a chuck (5) which 
clamps the suspension concentrically and firmly. In 
this experiment, the suspension consists of Ni-Span-C 
wire, 6-ft long and of 0.0502-in. diam. This wire has 
been heat-treated in hydrogen so as to make it iso
elastic. Thus, since its elastic properties remain prac
tically constant over a temperature range of better 
than ±20°C, the requirement of a carefully controlled 
laboratory temperature is eliminated. 

This suspension (6) is clamped from above by a 
chuck (7) which can be rotated for fine adjustment 
of the zero location of the disk. The chuck is held 
firmly to an insulated supporting platform (8) by 
means of a screw-and-nut fastener (9) which also 
makes an electric connection, through (10), to any 
desired voltage, or, as in the present case, to ground. 
The electric potential of the wire and disk can thus 
be regulated without interfering with the motion of the 
torsion pendulum. 

The energy restoring mechanism consists of two 

FIG. 2. Operation of the energy restoring mechanism: (B) 
Photocell to reset; (H), (I) dc solenoids; (M), (N) soft iron 
shoes; (K), (L) insulating rods; CA) amplifier; CD) delay con
trols; (R) ratchet relay; \V) to voltage stabilizers; (M) mirror 
attached to torsion pendulum. 

3 E. J. Saxl, Nature 203, 136 (1964). 
f E. J. Saxl, U.S. Patent No. 3,357,253. 
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parts: the basic geometry of the mechanical and elec
trical setups, and the initiating photoelectric circuit. 

In the former, insulating rods [Fig. 1: (11), (12), 
(13), (14); Fig. 2, (K, L)J with cross pieces (15, 16) 
support small, pointed soft iron shoes (17, 18). Their 
shape is shown enlarged and schematically in Fig. 2 
(N, M). I and H are attracting dc solenoids which 
have coforms of aluminum located between each sole
noid and soft iron shoe to permit the ferrous points to 
set into precisely repeatable positions each time. A 
demagnetizing coil (not shown) surrounding each of 
the shoes M and N is energized with ac. Thus, as the 
soft iron shoes M and N move apart from their re
setting positions due to the interruption of the dc in 
the coils H and I, any minor residual magnetism in 
them is automatically eliminated as they pull out from 
the ac demagnetizing coils. 

The photoelectric energy restoring mechanism is ini
tiated when a sharp narrow beam of light is reflected 
from the mirror m (Fig. 2) attached to the rotating 
disk and falls on photocell B. This beam is produced 
by light from a lamp of high wattage passing through 
a vertical slit. A distance of 158 cm between the photo
cell and the mirror gives a large mechanical advantage 
to the weightless light lever in order to produce ade
quate timing resolution. When photocell B is thus 
activated, it operates a sensitive galvanometer contact
ing relay, which, in turn, starts a time-delay relay. 
This latter actuates a power relay which establishes 
contact for the 120 V dc which energize solenoids H 
and I. After a time delay of the order of 27 sec, during 
which the pendulum is held magnetically until it is 
completely at rest, the pendulum is released. Thus, 
the pendulum is gently reset in an identical manner for 
each cycle. The potential energy at the start of each 
swing is necessarily the same each time because the 
pendulum is pulled against the same firm stops and 
held there. Minor variations in the initial attitude of 
the disk are completely eliminated. The latter starts 
smoothly and in an identical manner each time from 
the position of complete rest. 

B 

c 

FIG. 3. Schematic of timing and energy restoring J?hotocell 
controls: (B) photocell to reset; (C) photocell to timer; (D), (F) 
diaphragms; (S) light source of high intensity; (M) mirror 
attached to torsion pendulum. 

Variations, if any, in the amount of energy supplied 
for restoration (such as the length of time that the 
pendulum is held at rest position) do not influence 
the measurements since the pendulum cycle starts each 
time from a dead stop. Thus, there is nothing which 
can produce variations in the initial potential energy 
of the pendulum for each swing. 

The time measurement is effected by means of a 
photoelectrically actuated crystal-controlled counter. 
This Berkeley counter (Beckman-Berkeley model No. 
7360) does not start until the pendulum rotating freely 
clockwise under its own power after its release, causes 
the narrow beam of light to sweep over a E>eparate and 
independent photocell C (Fig. 3). The pendulum con
tinues on in its clockwise motion, rotates to its point 
of maximum excursion and then returns counterclock
wise. The timer is stopped when the vertical light beam 
initiates action by again sweeping over the photocell 
C in the reverse direction. Thereafter the torsion pen
dulum continues, returning almost to its starting point. 
Just before it reaches this latter, the pencil of light 
energizes photocell B, thus initiating the action which 
draws the soft iron shoes attached to the disk gently 
into the rest position where it is held as discussed and 
shown in Fig. 2. Thereupon the cycle starts again. 

The beam of light from S (Fig. 3) initiates a pulse 
which is amplified and shaped thereafter to give it a 
practically vertical risetime for triggering sharply an 
Eccles-Jordan circuit. This "avalanche" actuates the 
gate of a decimal counter. In our instance a thermo
statically controlled crystal precise to 10-8 sec is used 
as a time reference. Its oscillations operate the decimal 
counting units. The output thus produced can, of 
course, be used after adequate amplification as the 
input for the operation of many different systems such 
a!> an automatic printout (used in this work) which 
records the times entirely free from the influence of 
the human element. 

Various precautions are taken to ensure as smooth 
an operation of the pendulum free from external ran
dom influences as possible. It is free from wobble during 
its swing: first, because it was held at rest until all 
parasitic oscillations (if any) have stopped; second, 
because great care was taken to eliminate dissymme
tries and to support the rotating part exactly through 
its center of gravity. A concentric shield [Fig. 1, (21)J 
surrounds the pendulum, as well as its suspension and 
the resetting mechanism. Thus, the pendulum is pro
tected not only mechanically but also electrically, since 
it swings within an equipotential envelope. An aper
ture is provided to let the collimated beam of light fall 
on the mirror [Fig. 1, (20) J; another permits observa
tion of a thermometer which indicates the temperature 
inside the tube surrounding and shielding the suspen
sion wire. The powerful light source is kept well out
side the enclosure to avoid the heat produced by the 
projection lamp, which has a vent to the outside. This 
entire system is boxed in a second enclosure to protect 
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TABLE I. Experimental results. 

Added Average 
weights TimeT deviation DoT (DoT/T) X 

(g) (sec) (sec) (sec) 104 

0 33.66643 0.00074 

2624 33.72480 0.00136 0.05927 17.62 

0 33.66505 0.00143 

1512 33.70091 0.00113 0.03538 10.50 

0 33.66472 0.00118 

1112 33.68786 0.00070 0.02233 6.63 

0 33.66588 0.00103 

101 33.66672 0.00089 0.00119 0.35 

0 33.66558 0.00079 

it mechanically. Moreover, this entire setup is in a 
closed dark room so that there is essentially a triple 
enclosure. The crystal operated counter is connected 
to the photocells by a coaxial cable 25-ft long. The 
electronic counter and the printout are located entirely 
outside the darkroom. Their heat generation and forced 
air circulation are thus removedjrom the pendulum 
system. 

The instrument as thus constructed has several ad
vantages, in particular, the following: 

(1) The influence of the earth's precession is con
stant since the suspending wire is vertical in the geo
gravitic direction and since the disk is horizontal at 
right angles to the wire. This is an advantage, for 
instance, over a plane pendulum the precession of which 
interferes with its smooth operation and causes uneven 
wear of the two sides of the knife-edge suspension. 

(2) The rotating disk and any weights~:added to 
change its moment o(inertia and to add tension to the 
suspending wirecan:be o~ much greater weight than 
that which can be carried adequately by a knife edge 
support. Thus, small effects can be observed which 
may be noticeable when using large masses but which 
would be too small when experimentation is limited to 
comparatively small masses. 

(3) Indeterminate wear on knife edges, on bearings 
and all frictional contacts are avoided which might 
influence the period of the pendulum. 

(4) Since the whole apparatus is grounded the pos
sibility is avoided that such an electric conductor ro
tating in the geomagnetic field be charged electrically 
and thus acquire a magnetic moment. 

(5) Each single observation is precise, and thus sig
nificant per se. Whereas pendulum observations have 
been made for a long time, they have been based essen
tially upon the averages of observations over a large 
number of periods. In contrast, this apparatus makes 
possible precise observations over accurately timed 
parts of individual periods. 

EXPERIMENTAL RESULTS 

With this instrument, the times for the pendulum to 
travel through a constant fixed part of a complete 
vibration were determined without added weights and 
with four added weights of known mass and configura
tion. The times without added weights were found first 
and last and between each of the runs with the added 
weights in case this "zero reading" was varying con
tinuously because of some unknown influence. The 
times were recorded to seven significan t figures. For 
each case, 20 (and sometimes 30) values were printed 
out, the arithmetic average of these values found, also 
the average deviations from the average. These experi
mental values are presented in Table 1. The average 
"zero reading" was 33.66553±0.00052 sec and this 
value was used in computing the time change AT for 
each of the added weights. It is to be noted that the 
maximum uncertainty for the zero was of the order of 
4 parts in 100 000. 

To compare these observed relative changes in time 
with those anticipated by theory, it must first be noted 
that they are equal to the relative changes in period, 
since the observed ,times were always the times re
quired to traverse the same constant fraction of a 
whole vibration. 

The relative increases in period caused by the four 
factors must be considered separately. The fundamen
tal equation for the period T of a torsion pendulum is 

( 
I )112 

T=271' Lie ' (1) 

where I is the moment of inertia, L the torque produc
ing a twiseof e"rad. _1 _ 

(1) Considering the effect of changing I only, Eq. (1) 
may be differentiated logarithmically and the result 
then expanded by the binomial theorem where AIl I 
is so 'small that only the first power is significant. This 
gives 

(ATIT) =t(AIII). (2) 

To determine AI, the case of the bronze weight of 
1112 g may be considered. The cylinder (Fig. 4) was 
thought of as being made up of four parts: a thin 

I 
... 5· ... 

io-- 2.580"-----1 

~! "-'20" 
: T' 
I , 
I 

FIG. 4. Dimensions of bronze cylinder of lll2 S, I!ll given in inches. 
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cylinder of thickness 0.049 in. and interior and ex
terior diameters 0.850 and 2.580 in.; a thick cylinder 
of height 1.516 in. and diameters 0.500 and 2.580 in., 
respectively; two slits to be subtracted, the first, of 
length 0.865 in. and cross section 0.049XO.120 in.,2 the 
second, of length 1.040 in. and cross section 1.516X 
0.120 in.2 The sum of the volumes of the two cylinders 
minus the sum of the volumes of the two slits gave 
the total volume. Changing this volume to metric units 
and computing the density gave a value of 8.856 g/cm3, 

close to the values given for bronze of various compo
nents in the Handbook of Physics and Chemistry. From 
the volume of each part and the density (expressed in 
consistent units) the mass of each of the four parts was 
computed, and as a check, the total weight compared 
with the observed weight. The moment of inertia of a 
cylinder is equal to the product of its mass and half 
the sum of the squares of its internal and external 
radii. The moments of inertia of the slits (to be sub
tracted) can easily be shown to be 

[(slit) =m(h2+3ah+3a2)/3, (3) 

where h is the length of the "bar" and a is the distance 
of the nearer end from the axis of rotation about which 
the moment of inertia'"is to be taken. So the moments 
of inertia were computed for each of these four parts 
and those of the slits subtracted from:,those of the two 
full cylinders. A similar procedure was carried out in 
the case of the other added weights. 

(2) If [ is then considered constant, L/(J will change 
as weights are added because of the resulting change in 
dimensions of the wire. Since, by the well-known rela
tion 

L/(J= !JJ.1fr4/I, (4) 

a similar procedure to that used in deriving Eq. 2 gives 

(f).T /T) = -!f).(L/(J) / (L/(J) = Hf).I/I-4f).r/r). (5) 

TABLE II. Theory versus experiment. 

Added weights (g) 101 1112 1 512 2 624 
Moment of inertia 108.4 6239 11 258 17 503 

(g·cm2) 

l(M II) X 1()4 0.07 4.08 7.36 11.44 

i(t!.1/1-4t!.r/r) X 104 0.05 0.56 0.76 1.32 

!(0.OO245t!.W.) X 104 0.06 0.60 0.82 1.42 

M gs/ (,,11"1') X 104 0.11 1.20 1.64 2.85 

(dT/T)XI04 
(computed) 

0.29 6.44 10.58 17.03 

(dT/T) X 104 0.35 6.63 10.50 17.62 
(experimental) 

Experimental 0.30 0.26 0.37 0.43 
uncertainty X 104 

Weight of pendulum disk: 51. 5Ib or 2. 338X 104 g. 

Moment of inertia of disk: 7. 6505Xl()1 i·cm!. 

6 

5 

<t 4 
Q 

f-3 

~ 
2 

0.5 1.0 15 2.0 2.5 
/:,W- kilogram weight 

FIG. 5. Relative changes in period:vs added weights, corrected 
for the increases in period caused by the increased moments of 
inertia. 

Since with increased tension the length I increases and 
the radius r decreases, the quantities on the right side 
are additive. The ratios f).l/l and f).r/r are easily deter
mined for the given added weights using Young's mod
ulus and Poisson's ratio. 

(3) To compute the changelin period a.rising from 
the basic change in the elastic torsional stilTness of the 
wire with load, the results of the statical study of this 
Ni-Span-C wire must be invoked. It was there shown1 

that 
f).(Ji= f).Wi (0.OO245(J+0.25), (6) 

where f).(Ji was the observed change in the angle of 
twist in degrees produced by the extra load f).W., 
f).W i being expressed as a multiple (or::fraction) of 
50 lb. 

With Land [ both~constant, the)undamental)aw 
of a torsion pendulum [Eq. (1) ] gives 

f).T/T=!f).(J/(J. (7) 

The term (0.25f).Wi ) in Eq. (6) arises from the "built
in" twist and so does not involve the basic change in 
the elastic constant produced by the added weights. 
Hence, the change in angle produced by the basic 
elastic change is 

(8) 

and consequently 

f).T/T=!M/(J=HO.00245f).W.). (9) 

Thus, for a given added weight, for this factor, the 
relative change in period is constant throughout the 
vibration. For example, for the added weight of 1512 g, 

f).T/T= !(1512XO.OO245) /( 454X50) =0.82X lQ-4. 

(10) 

(4) Since, according to the Poynting effect2 (whereby 
a circular wire under tension changes in length when 
twisted), in a rotational oscillation energy is used up 
in raising and lowering the disk as the angle of twist 
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varies. Applying Lagrangian technique Poynting2 de
rived the relation that, because of this, the fractional 
increase in period is 

I::J.T /T= M gs/ (jJ,'Trr2) , ( 11) 

where Mg is the weight added in absolute units, r is 
the radius of the wire, and s is a constant defined by 

(12) 

where I::J.lp is the Poynting increase in length and (J is 
expressed in radians. Inasmuch as Houston5 showed 
that 

(13) 

using the experimental values of (a(J/aW) Land I::J.L 
found in the statical paper,! I::J.lp can be determined from 
the relation 

(14) 

For instance, with an initial twist of 57.7° the required 
couple was produced by a force of 12.4 g with an arm 
of 18.8 cm. Again, the term (0.25I::J.Wi ) is to be omitted, 
since only changes from the zero angle are significant. 
Thus, in this case, 

0.OO245X57.7 
I::J.lp = 50X454X57.3 X 12.4X18.8=0.254XH)-4 cm 

since the acceleration of gravity occurs both in the 
numerator and the denominator. Using this value of I::J.lp , 

2X 76XO.254X 10-4 
s= --~:....:.....--~-- =0943 

(0.025X2.54X57.7/57.3)2 . , 
(16) 

in agreement with the approximate value of unity found 
by Poynting for his wires. The resulting relative change 
in period for the added weight of 1512 g is consequently 

T 
1512X980XO.943 

I::J. /T= = 1.64 X 10-4 (17) 
6.75X 1011 X (O.025X2.54)2 ' 

where JI., the shear modulus, is 6. 75X 1011 dyn/cm2
, or 

9.8X 106 psi as given by the manufacturer of the wire. 
The numerical results for these four factors for each 

of the four values of the added weights that were stud
ied are presented in Table II. From these for each 
weight the total expected fractional change in period 
is computed and the experimentally found values juxta
posed for comparison. Except for the largest weight the 
differences between the computed and experimental 
values are within the experimental uncertainty of the 
observed values. It must be remembered, however, 
that the values computed for the third and fourth 

DR. A. Houston, Phil. Mag. 22, 740 (1911). 

factors depend on the experimental results of the stati
cal study and hence themselves involve some uncer
tainty. The discrepancy for the largest weight is less 
than 3t%. The measurements both in the static and 
the dynamic attack involve very small differences, so 
that the agreement is remarkable good under the cir
cumstances. 

Plotting the total relative changes in period against 
the added weights cannot be expected to give a straight 
line since the radii of gyration are all different for 
each weight, and hence, the added moments of inertia 
are not proportional to the added weights. However, 
the last three factors all produce changes in period 
proportional to the added weights. Hence, subtracting 
the computed relative changes in period caused by the 
added moments of inertia from the observed experi
mental points should give a straight line. This has 
been done in Fig. 5. It is immediately evident that all 
the points lie within experimental error of the line 
through the origin 

( 18) 

where I::J.W is expressed in kilogram weights. The con
figuration of the added weights does not affect this 
relation, and this line would therefore apply to changes 
in weight however produced, e.g., to change in weight 
resulting from changes in "g" such as might be pro
duced by moving the torsion pendulum isothermally 
from the equator to Alaska. 

CONCLUSION 

The results of this dynamic experiment with the 
torsion pendulum have thus been found to be in agree
ment with those found statically. The observed frac
tional changes in the times required to traverse a fixed 
part of a single vibration have been found to agree 
within 3t% with the fractional changes in period com
puted from the statical experiments. Of greater im
portance, these relative changes in times have been 
found to depend on the weight of the pendulum disk 
and hence on the acceleration of gravity. Simple classi
cal theory of the torsion pendulum indicated no de
pendence of the period on the acceleration of gravity. 
It is only with the development of the second order 
elastic theory that any such dependence could.be ex
pected. This experiment, being capable of measuring 
very small differences in period, has presented experi
mental evidence for the dependence of the period of a 
torsion pendulum on the acceleration of gravity, this 
dependence arising from the three factors: The change 
in dimensions, the change in torsional stiffness, and 
the energy loss from the slight rise and fall of the bob 
caused by the Poynting effect. 


