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Watehing the Earth Revolve 
An Apparatus That Enables the Movements ofthe Earth to be Directly Studied 

FOR most people the fact that the sun rises in the 
morning, travels slowly aeross the sky and sets in the 
evening is su1l1eient evidenee that tlle earth goes around. 
Our aneestors, however, believed for the same reason 
that the sun and moon and stars all aetually move 
ae ross the sky while the earth itself stands still. In· 
deed, the attempt of Oopernieus and Galileo to dispel 
this idea, whieh seemed so evident as to be almost 
axiomatie, was tlle cause of their bitter perseeution. 
It is really impossible to prove definitely by means of 
observations Oll the heavenly bodies whether the earth 
really revolves while the stars remain fixed or whether 
it is the stars whieh revolve about the earth. lDven 
though we may show that these bodies are millions or 
trillions of miles from us, we ean still explain thiür 
apparent daily motion by keeping the earth at rest if 

By COllrtesy ot the IIlHsti'ated Londo11, News. 

By Arthllr H. Compton 

gOOlI proof that the earth is aetually revolving.' Even 
hi:,; experiment, however, did not show that all the apo 
parent motion of the stars ae ross the heavens is due to 
the turning of the earth. Sinee a pendulum swings in 
a vertieal plane, it is only the part of the earth's rota· 
tion ab out a vertieal axis whieh Foueault's apparatus 
was able to measure. Suppose that the pendulum is 
set up at the point 0 (l<'ig. 2) on the earth's surfaee. 
It is evident that there will be some rotation ab out 
the vertieal axis OZ, but this will be less rapid thall 
the rotation about an axis OP, parallel to the earth';; 
axis. If the earth turns around the axis 0' P' onee in 
24 hours, there ought to be a rotation about a vertieal 
axis at PariR, whose latitude is 49 degrees, at the rate 
of onee in ab out 32 hours; and by means of his enor· 
mous pendulum Foueault showed that sueh a rotation 

Fig. l.-FoucauIt's pendulum, which was the first satisfactory means of showing that the earth 
actually revolves. 

we suppose that the stars are traveling through the 
heavens with a suffieiently great speed. In fact, this 
is the assumption on whieh Ptolemy based his theory 
of the uni verse. 

It was not until the middle 01' tlle last I'l'ntnry that 

Foueault performed his famous pendulnm experiment 
in the Pantheon at Paris (l<'ig. 1), whieh waR the 1irst 

1 This experiment is described in the SCIEN'l'IFIC AMERICAN, 

February 14th, 1914. 

c 

Fig. 3.-If the earth is revolving ab out the axis 
oe, when the ring is reversed there is a relative 
motion between the water and the microscope as 
�hown by th� (}otte(} arrows. 

aetually exists. But the fact that there is such a rota­
tion ab out the vertieal axis does not show what the real 
angular velocity of the earth is nor the directio11 of 
the axi;.; ahout whieh the earth turlls. ]'01' examp]e, a 

"OJlllmratively sm all rotation abont sueh an axis as O'JI 
WOIlI,1 give tlle SHme effeet on Woucault's pendulum tU; 

a muell more rapid rotation about the axis O'/". 111 
order to show that all the apparent motion of the star,.; 
aeross the sky is due to the earth's rotation, it is neees­
sary to determine, without observations on the stars, 
how fast the earth is revolving, and where its axis is 
loeated. This requires more data than are given hy 
Foueault's experiment. 

If we ean measure the rotation abont two horizontal 
axes, OX and OY, as weil as about the vertieal axÜ'; 
OZ, the earth's rotation will be eompletely determined. 
]'or by eombining the rotation ab out the OX and the OY 
axes, the rotation abont a north and south axis ON 
eau be found, and· eombining this rotation with tlmt 
ab out the vertieal axis the true rate of the earth's rota­
tion ab out OP ean be ealeulated. It is evident that by 
eomparing the relative magnitudes of the rotation ab out 
the OX and the OY axes the angle f, or the azimuth of 
the X axis ean be obtained, and from the ratio of the 
rotations ab out ON and OPthe angle rp, which is the 
latitq<l� of tlt� observer, CaU be determill� Taus, if 
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the rotation ab out these three axes is measured, not 
only the length of the day, but also the position of the 
true north and the latitude ean be ealeulated, and this 
wholly independent of astronomieal observations. 

The earth rotation ring shown in the photographs was 
made for the purpose of measuring these three com­
ponents of the earth's rotation. The prineiple on whieh 
this apparatus works is eomparatively simple. The 
instrument eonsists essentially of a eircular tube filled 
with water and mounted on an axis in its own plane, 
as in Fig. 3. This apparatus is set in a plane perpen­
dieular to the axis oe, about which the earth's rota­
tion is to be measured. If the rotation is in the diree­
tion indieated by the solid arrows, it will be seen that 
the side A of tlle ring is moving toward the left rela­
tive to the other side, find after the ring has been stancl-

Fig. 2.-Foucault's pendulum was able to measure 
the earth's rotation only about a vertical axis 
OZ, while the earth rotation ring measures the 
rotation about the three axes OX, OY and OZ. 
'J'he actual length of the day can then be calculated, which 

was impossible frolli I�"oucault's experiment, and the lati­
tude and the position oE the t rlle north ean also be deter­
mined. 

ing n few minutes the water within the tube has the 
same sort of motion. Now let the ring be quiekly turned 
half way around about its axis, so that the part A comes 
to the nearer side, as shown by the dotted lines. It is 
evident that the water in that part of the tube will 
I'ptai11 a large part of its original motion toward the 
Jeft, so that there will be a relative motion between 
the water and the mieroseope, whieh turns with the 
eartll. The speed of this relative motion will of course 
depend upon how fast the earth is revolving about the 

Fig. 6.-Measuring the absolute magnitude of the 
ear�lt's rotation aboijt a vertical a"i� 
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axis 00 as well as upon the dimensions of the ring. 
With the apparatus here described the motion was 
usually about as fast as that of the minute hand of a 
watch, and could easily be seen through the microscope. 

The ring used in these experiments was made of 
l·inch tubing, bent into a circle a foot and a half in 
diameter. Where the windows were placed the tube 
was constricted somewhat so as to increase the velocity 
of the water wh ich was being watched. The motion of 
the water which filled the tube was made visible by 
shaking up with it a mixture of coal oil and carbon 

Fig. 4.-Watehing the earth revolve. The appa­
ratus is in a eonstant temperature room just 
above freezing point to avoid eonveetion eurrents 
in the water. 

tetrachloride uf the same density as water, which 
formed small suspended globules whose motion was 
easily visible through the observing microscope. In 
order to avoid spurious motions due to differences in 
temperature in different portions of the tube, some 
llarts of the experiment had to be performed with the 
apparatus boxed Uv in a cold room, as in Fig. 4, but in 

The Koepsel Permeameter* 
'l'HE moving coil galvanometer and many other elee­

trical instruments built on the same principle consist 
essentially of a eoil of wire suspended in a magnetie 
field. This coil experiences a torque which is propor­
tional to the produet of the eurrent in the coil and the 
component of the magnetic field in the plane of the 
eoils. In the instruments just mentioned the magnetic 
field is eonstant and the eurrent varies. The deflection 
due to the torque thus beeomes a measure of the eur­
rent strength. 

lnstead of using a constant magnetie field, we may 
maintain a eonstant electric current through the mov­
ing coil and use this system for the measurement of the 
magnetic field. If this magnetie field is due to an elec­
tromagnet, the magnitude of the field depends upon the 
magnetomotive force applied and the material of the 
magnetie eireuit. An eleetromagnetie system of this 
kind may therefore be made the basis of an apparatus 
for the determination of the magnetic proverties of iron 
and steeL 

Robinson' in the Electrical World of Ji'ebruary 24th, 
Im4, gave a complete 
based on this principle. 
btiilt the instrument. 

deseription of a permeameter 
However, he had not aetually 

'l'hree days later KO�!llsel' describl�d hefol'e a Germit 11 

electrotechnical society Substtlutially tbe same piece of 
Hvvaratus, which he had Imilt and was actually usiug. 
'l'bis upparatus, as later improved by Kath,a is widely 
used, both in this country and abroad. It is sometimes 
called the Siemens and Halske permeameter, from the 
name of the manufacturer. 

Orlich4 at the Reichsanstalt determined a number of 
hysteresis loops with the Koepsel instrument and also 
by the magnetometer method, using ellipsoidal speci­
mens for this latter test. His data show that at induc­
tions of 15,0 0 0  gausses the instrument gives values of 
the magnetizing force which are too high. AU values 
of the eoercive force, as obtained by this instrument, 
are greater than those of the magnetometer. The shear­
ing curves differ for different materials. Rohr' co rn­
pares hysteresis data obtained by the Koepsel permea-

* A brief snmmary of Bulletin 228. issued by the Bureau of 

Standards, describing an investigation made by Charles W. 
Burrows, Associate Physicist. 

1 L. '1'. Robinson: "A Modified Instrument for the Deter· 

mination of B-H Curves," Electrical World, 23, p. 236, Feb­

l'uary 24th, 1894. 

'A. Koepsel: Apparat zur Bestimmung der magnetischen 

Ij]igenschllften des Eisens in absoluten Maas und director Able­
wng. E T Z, 15 p. 214, April 12th, 1894. 

"H. KaUl: E T Z, 19, pp. 411-415, 1898. 

• E. Orlich: E TZ., 19, pp. 291·294, 1898. 
"W. Roh!.': III � Z., 19, p. 713, 1898. 

measuring the effect due to the vertical component of 
the earth's rotation, as in F'igs. 5 and 6, no such par­
ticular precautions had to be taken. 

When the ring was held in a vertical plane, as in 
Fig. 4, the oil globules are always seen to rise on the 
east side of the tube and go down on the west side, after 
the ring is reversed. This shows conclusively that the 
earth is turning over from West to East. Similarly, if 
the ring is in a horizontal plane, a motion to the left 
is always observed, which, as we saw above, indicates 
a motion of the earth in a counter clockwise direction 
about a vertical axis. It is an interesting experiment 
to project the motion of the oil globules through the 
microscopes onto a screen, with the apparatus set up 
as in F'ig. 5. In this manner a room full of people can 
be shown a moving picture of the earth going around. 

As an average of a number of readings, the ratio of 
the velocity observed about the OY axis to that about 
the OX axis indicated that the true north was 61.3 
degrees from the OX axis, and when the motion about 
the vertical axis OX was determined, the latitude '" was 
found to be 4 2.8 degrees. In order to find out from 
these figures how fast the earth is going around, the 
apparatus was set up as in Fig. 6, keeping the ring in 
a horizontal position in order to measure the earth'" 
rotation about a vertical axis. The spectrometer table 
upon which the apparatus was placed could be turned 
at any desired speed by means of the driving clock C. 
Ji'irst a set of readings was taken with the clock stopped, 
and the motion of the globules to the left was measured. 
'l'lwn the clock was started, and was so adjusted that 
the globules lUoved just as fast toward the right as they 
had moved before toward the left. It is evident that 
the spectrometer table was then turning backward 
twice as fast, relative to the earth, as the earth itself 
was turning forward. The spectrometer table was 
turning at the rate of 1.346 times per day, wh ich means 
that the earth is turning about a vertical axis at the 
rate of 0.673 revolutions per day. Since the ratio of 
the rotation about this axis to that about OP waR 
already known, it was easy to calculate that the rate 
of the earth's rotation about its axis is 0.1)1)1 revolu-

meter with that obtained by the watt-meter method ane! 
finds that the values of the Steinmetz coefficient thus 
ohtained are in substantial agreement. 

Much of the da ta on the magnetic properties of iron 
alld steel have been determined with this apparatus. It 
seeins, therefore, well worth while to give the Koepsel 
venneameter a careful experimental examination with 
a view to determining its reliability for use in making 
magnetic measurements. 

As a result of the experiments conducted, the follow­
ing conclusions were drawn: 

The K oepsel permeameter has several valuable clmr­
acteristics. It gives direct readings of the magnetizing 
force and the magnetic induction, both for normal in­
duction and for hysteresis data. It is easy of manipu­
lation and does not require greater ca re than the usual 
deflection instruments. It repeats its readings as con­
sistently as could be desired. The readings may be very 
useful in indicating relative values of different mate­
rials or the degree of non-uniformity of similar mate­
rials. The fact that the observed va lues of the mag­
netizing force may differ by as much as 10 0 per cent 
from the true values does not destroy the value of this 
instrument for purposes of comparison. 

Ji'rom the experimental consideration of the different 
factors which may affect the accuracy of the readings 
tlle following detailed conclusions were dra wn : 

1. ReadingH un t11e
';two sides �f the zero of the in­

strument may eIiffer considerably, but the mean of the 
two values thus obtained shows satisfactory consistency 
on repetition. 

2. Shearing curves for different grades of material 
show that the correction to be applied to the observed 
magnetizing force is not constant for a given induction, 
but depends upon the nature of the test specimen. This 
ccrrection is usually subtractive for points below the 
knee of the induction curve and additive for points 
above the knee. 

3. An increase in the cross-section of the test speci­
men tends to increase the observed va lues of the mag­
netizing force for points below the knee of the induction 
curve, and to decrease the observed va lues for points 
above the knee. 

4. The length of the specimen projecting beyond the 
yukes produces no noticeable effect for points below the 
knee of the induction curve. For points above the knee 
the projecting ends increase the observed value of the 
magnetizing force. 

5. If the bushings are not pushed all the way into 
their proper position, a higher apparent value of the 
magnetizing force is observed, due to the increased 
length of the portion of the bar under test. 

6. Hysteresis loops obtained by the Koepsel permea-
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tions per day. That is, the length of the day, accord­
ing to these data is 24 hours and 1 2  minutes. 

It is interesting to compare these values of the azi­
mutl!, the latitude and the length of the day with 
their values as determined astronomically, thus: 

Day ................ . 
Latitude ........... . 
Azimuth ........... . 

By data from 

earth rotation 

ring. 

24.2 hours 
42.8 degrees 
61.3 degrees 

By astronomical 

data. 

24.0 hours 
4 0.4 degrees 
51).1) degrees 

Fig. 5.-The apparatus set up with a projeetion 
lantern for showing real moving pietures of the 
earth's rotation upon a sereen. 

'1'he,m figures show conclusively, within the limit of 
experimental error, that tbe earth turns about an axis 
whicb is identical witb its astronomical axis, and that 
HIP mtp of its rotation is tbat determined by astro­
llonli('al obNervatiOtls. 'l'hus it is evident tbat it is tbe 
eal'th alolle whicb revolves, wbiJe the stars remain 
l'elatively fixed. 

meter al ways show a Iow observed residual induction 
and a hii-(h ohserved coercive force. 

7. A theoretical and experimental study of the distri­
Imtiun of the magnetic fluxes through different parts of 
the magnetic circuit shows that shearing curves of the 
form observed are to be expected. 

If the apvaratus is to be used for the determination 
01 the absolute values of the magnetic quantities, it is 
necessary to apply a correction to the readings. Since 
the apparatus gives consistent results on repetition, the 
whole error may be charged to errors in the correction 
01' shearing curves. As this shea ring curve varies with 
the dimensions and quality of the specimen, it is essen­
tial that shearing curves be prepared for each size and 
lluality of specimen to be tested. With extreme care 
and the use of proper shearing curves, the apparatus is 
capable of giving quantitive results within 5 per cent 
01' the true value of the magnetizing force for a given 
induction. 

Uncorrected hysteresis data for hard steels show 
values of the residual induction that are too small; the 
error may be as great as 10 per cent. Valu(!s obtaincd 
()f lhe coercive force are Hystematic,illy too largc; the 
error may be as much as 40 per cent. 

Petroleum Conditions in Russia 
'l'HE report of the Uni ted States Geological Survey 

Oll the Production of Petroleum in 1!)1:� contains the 
following statement: 

'1'he declining condition of the older HllHsian petrol­
eum localities noted in the previous reports of this series 
continued in 11)13. It was not compenHated by increase 
in the new districts, wh ich include EJmba for the first 
time as a commercial factor. The outlook for the future 
of Russian production is brightened by the prospectin,g 
which has progressed rapidly in the Ural-Caspian 
region, north of Gurief. The field is reached by steam­
ers to the north shore of the Caspian Sea. About thirty 
miJes from the shore large wells have already been 
ohtained at Dossor, and pipe lines are laid to Gurief, 
where barges can be loaded and then towed up the 
Volga without the reloading which is necessary with 
shipments from Baku. Oil from Baku destined for the 
Volga River trade arrives at Astrakhan in steamer� 
too deep for the river and i� then transferred to barges. 
lDxploration in this Ural-Caspian field has been extend­
ed many miles ;porth of the present developments. Pros­
pecting is impracticable in winter, but in Hummer it can 
he prosecuted with success in spite of the lack of water, 
the available supply of wh ich is derived principally 
from snow scraped up in winter and stored in pits. The 

inhabitants of tbe region are nomads living in tents. 

Tbey are peacefu1 and disposed to aid exploration. 
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