Pogany 1928

The apparatus kindly provided by the Carl Zeiss company was set up in Budapest with the support of the Elizabeth Thompson Science Fund. Both
institutions deserve my heartfelt thanks. In a previous publication, | reported on the repetition of the Sagnac experiment. In this experiment, a mirror
polygon is used. The light reflected on this propagates along a closed polygonal path. The light beam introduced into the apparatus is separated
into two coherent beams by a semi-transparent silver layer, which, after traversing the polygonal light path in opposite directions, are brought to
interference. Now, if the mirror polygon rotates, the interference fringes shift relative to their rest position by an amount measured in stripe widths of

A =4wF/Xc ,

where w is the angular velocity of rotation, F is the enclosed area of the light path, A is the wavelength of light measured in vacuum, and c is the
speed of light in vacuum.

Comparing the position of the interference fringes during clockwise rotation with that during counterclockwise rotation results in a fringe shift that
reaches twice the above amount, thus

A =8wF /¢

In the Sagnac experiment, the polygonal light path is in air. However, formula (2) holds for any medium, and as can be seen, the fringe shift cannot
change if the light path is wholly or partially shifted into a more refractive substance, such as glass or water, since the refractive index does not
appear in (2).

The Harress experiment, which preceded the Sagnac experiment, differs from the latter precisely in that in the Harress apparatus, the light path
was in glass. In my initial attempts to repeat the Harress-Sagnac experiment with greater precision, | also started from the Harress arrangement.
From this, the apparatus described in the previous publication emerged, with which | also carried out the measurements reported there. In the
mentioned measurements, the two interfering light beams propagated in air, so the experiment was actually a repetition of the Sagnac experiment.
However, the apparatus was built so that more refractive substances could be inserted into the light path. In the original Harress apparatus, the
crown consisting of 10 glass prisms served not only to accommodate the light path, but one side of each prism was used as a mirror, and therein
lay the greatest disadvantage of the arrangement. The prisms of relatively large mass deformed under the influence of centrifugal force during
rotation, and their reflecting surfaces astigmatically reflected the light. When conducting the light path in glass, this error can be avoided by using
right-angled glass parallelepipeds, through which the light enters and exits perpendicularly through opposite parallel surfaces. Such glass bodies
could be installed in the apparatus | used to repeat the Sagnac experiment, between mirrors S_1and S_2, or S_3 and S_4, (Fig. 1).

With these approximately 32 cm long glass bodies, there was a concern that they would bend due to the influence of centrifugal force. If the end
faces are no longer parallel, they act as prisms and deflect the light. Therefore, in my initial attempts, instead of glass bodies, liquid chambers with
rubber walls were used, which were closed at both ends with thick, parallel glass plates. The steel frames of the closing glass plates were attached
to the base or cover plate of the apparatus with thick cones, and the thick-walled rubber tube connecting these frames was supported by a steel
tube surrounding the rubber tube and independently attached to the base plate. Thus, the rubber tube could deform only slightly due to centrifugal
force, and the stresses arising in it could not exert any relevant torque on the frames of the closing glass plates. In some experiments, lead pipes
were used instead of rubber pipes. Unfortunately, the experiments with the liquid chambers yielded no results, although | tried various liquids from
alcohol and water through different oils to glycerin. With each liquid filling, the interference fringes changed their width, shape, and orientation
continuously, depending on the viscosity of the liquid, so that measurement was out of the question. Some liquids, such as alcohol and water,
became opaque due to chemical or electrochemical influences in the chambers, even though the metal parts of the chambers were thickly
electroplated with gold on the inside.



The steel frames of the closing glass plates were attached to the base or cover plate of the apparatus with thick cones, and the thick-walled rubber
tube connecting these frames was supported by a steel tube surrounding the rubber tube and independently attached to the base plate. This
allowed the rubber tube to deform only slightly due to centrifugal force, and the stresses arising in it could not exert any relevant torque on the
frames of the closing glass plates. In some experiments, lead pipes were used instead of rubber pipes. Unfortunately, the experiments with the
liquid chambers yielded no results, although | tried various liquids from alcohol and water through different oils to glycerin. With each liquid filling,
the interference fringes changed their width, shape, and orientation continuously, so that measurement was out of the question.

Some liquids, such as alcohol and water, became opaque due to chemical or electrochemical influences in the chambers, even though the metal
parts of the chambers were thickly electroplated with gold on the inside. Finally, there was nothing left but to install glass bodies between the
mirrors. For this purpose, they were housed in Siemens-Martin steel frames, which were then attached to the base and cover plate of the apparatus
by 8 thick cones each. The experiments showed that the glass bodies installed therein withstand rotation. In Fig. 2, Plate X, two images of the stripe
system in opposite directions of rotation and at 1500 revolutions per minute can be seen. The resulting stripe shift is approximately 0.9 stripe
widths. The measurement results are found in the tables below.

T is the duration of one revolution, T' is the mean value for two consecutive combined images, b and b’ are the stripe widths.
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In two consecutive shots, the apparatus rotated in opposite directions. When evaluating the plates, the position of the interference fringes was

determined in relation to a thread spun together with the stripe system, which was photographed and parallel to the fringes.




If the position of the 0-th interference fringe is denoted as X_0, then the position of the k-th fringe is:
X=X+ kb

where b represents the fringe width. The values of X_k measured with the Abbe comparator were used to calculate X_0 and b using the method of
least squares.

A_T represents the displacement measured in fringe widths corresponding to the rotation time T'. A corresponds to T = 0.04 seconds, or in Tables
1-3 to T = 0.05 seconds. During the determination of X_k with the comparator, each interference fringe was set ten times. The photographic plate
was 20 mm wide, so there were approximately 6-6 fringes from the wider interference fringes and about 19 fringes from the narrower ones on the
plate, providing enough equations to determine X_0 and b. As evident from the tables, the fringe width gradually increased during a series of
captures, averaging an increase of 0.2% between two consecutive captures, thus influencing the result, depending on which fringe was identified as
the 0-th fringe. Apparently, the fringe with a phase difference of 0 remained unchanged in its position relative to the thread despite the slowly
increasing fringe width. To determine the O-th fringe, the fringe systems of consecutive captures were drawn on millimeter paper. The resulting
Figure 3 immediately shows the 0-th fringe.

The captures were made using the Heraeus point lamp with the green mercury line A = 546 nm wavelength, with an exposure duration of 1 minute.
For this wavelength and 1500 revolutions per minute, the value according to Formula (2) is:

A =0.906,
and for 1200 revolutions per minute, the value is:
A =0.725,

When compiling the values obtained from each series of captures made consecutively on the same day, so is obtained:

1200 Umdreh. pro Mia. | 1500 Umdreh. pro Min.
4 — 4y 4

The obtained mean values agree within 1% of the calculated values.




