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ABSTRACT 

Rewriting in the digital form on modern computer information  carriers of audiorecords being stored on Edison wax cylinders is the only way of their conservation and becoming a possibility of their analysis and processing. The technology  of rewriting should provide both full information transfer and conservation of audiorecords on wax cylinders. A developed interference optomechanical method provides high-quality nondestructive sound reproduction from phonograph cylinders. The form of presenting an instrumental signal, which is a record of the sound track profile, allows to perform effectively the processing (in the first place clearing from noise) of reproduced signal. The results of sound reproduction from phonograph cylinders from different collections are presented.


The edition of audiorecords reproduced  from phonograph cylinders is expedient to carry out in multimedia presentation giving the most full information about  performers and place of carrying out recordings.
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             The mankind  learned to record sounds comparatively not long ago. In 1857 the Englishman Leon Scott created a device “phonoautograph” which registrated acoustic vibrations and allowed to record sound, but it did not reproduce sound.  Only in 1877 the known American inventor Thomas Edison succeeded in making a record and reproducing sound thanks to the apparatus invented by him and named a phonograph. The principle of its operation was the same. The acoustic vibrations brought pressure to bear on the diaphragm and the recording stylus connected  with it pressed out on the rotating cylinder a groove of variable depth. By playing back the cylinder, the reproducing stylus moving along the recorded groove repeated all vibrations of the recording stylus making to vibrate the diaphragm. In such a way arose sound.

              The first phonograph was very imperfect but thanks to improvements of T. Edison and other known scientists of that time it became possible to apply the phonograph  in different fields of science, art and in household. The phonograph was spread quickly all over the world and used for sound recording and reproduction roughly till 1930 and at last was displaced by the gramophone and gramophone records.

              During 60 years on the phonocylinders were performed numerous recordings of folklore music and songs, and were recorded speeches of prominent cultural workers. These records are an integral part of the cultural heritage of many peoples of the world.

              In many libraries and archives of the world are preserved Edison phonograph cylinders collections of different volume, namely: in the American Folklife Center of the Library of Congress (one of the largest collections); the Berlin Phonogramm-Archive (Germany); the National Sound Archive of the British Museum Library, the Vienna Phonogramarchive  (Austria); the Central State  Archive of Sound Record; M.Glinka Museum of the Musical Culture, the Polytechnical  Museum, L.N.Tolstoi Museum (all Moscow, Russia); the Phonoarchive of the Institute of Russian Literature of the Russian Academy of Sciences (Pushkin House), the Museum of Communication (both in Saint-Petersburg).

              In Ukraine are also preserved unique   collections on phonograph cylinders: at Vernadsky National  Library of Ukraine – M. Beregovsky collection of  the Jewish musical folklore, at M.Rilsky Institute of History of Art, Folkloristics and Ethnology – collection of the Ukrainian  folklore of the first half of the 20th century. Some thousands of cylinders are preserved at the libraries, museums and private collectioners of Lvov, Uzhgorod, Chernovzi and other cities of the Western Region of Ukraine.

             But time didn’t spare the first imperfect information carriers. They reached us in poor state and are lost for ever, since the process of destruction and aging, which makes up 3-5 % per year, continues. Characteristic damages of Edison phonograph cylinders are mechanical, physical-chemical, induced by complex, irreversible processes of chemical aging of wax cylinders. They  are caused by a term of storage, composition and technological features of wax and arise during operation, archival work and storage [1]. Although the reproduction of sound from such old wax cylinders can be carried out by using Edison-type phonograph but this method usually causes considerable damages of sound grooves on the cylinders, what is caused by pressure of a heavy stylus and sound obtained in such way is of low quality because of noise and distortions.

              It is already during several decades one is trying to transfer information from Edison  phonograph cylinders on modern information carriers. By scientists and experts from many countries such as USA, Austria, Germany, Japan, Sweden and other was done an immense work on solution of a problem of qualitative sound reproduction from Edison cylinders [2, 3].

             Well investigated and developed methods and equipment for reproduction of the gramophone records (electrodynamic, piezoelectrical etc.) are sufficiently «rough» for such a specific material as composition wax, from which are manufactured phonocylinders.

             An attempt to create a noncontact optical reproduction system did not also crown with success in general because of nonuniformity of the reflecting  surface of a cylinder sound track. A signal obtained in this case has much noise and interference and to achieve the qualitative sound reproduction is rather difficult [4].

             Audioinformation reproduced from Edison phonograph cylinders  is characterized by a high level of noise and distortions of obtained signal.  The nature of these noise and distortions is bound up with the processes of original  information recording on wax cylinders, information reproduction on modern devices and damages of cylinders  surface during long-term  storage.

            Work on rewriting of Edison cylinders at the Institute for Information Recording of the NASU were begun in January 1996 at request of UNESCO and of the International Musical Council and also personally Yehudi Menuhin, a prominent musician of the past century with the purpose of preservation a unique collection of the Jewish music by M.Beregovsky which is stored at Vernadsky National Library of Ukraine (Kyiv).


By analyzing causes distorting the quality of signals reproduced from phonograph cylinders, existing equipment and reproduction principles at the Institute for Information Recording of NAS of Ukraine was proposed and realized a principally new method of high-quality sound reproduction from Edison phonograph cylinders. The proposed digital optomechanical method with an interferometric measurement scheme allows to provide the physical conservation of wax cylinders and obtain a high-quality sound reproduction minimizing the above-listed disadvantages. One of the main characteristic features of the method developed and investigated by us is that the sound track profile is digitally picked up from cylinder and enters computer and after appropriate processing it is converted into sound. Such method has a number of advantages. Firstly, sound track profile recording can be carried out at speed 10-50 times lower than the original speed of sound recording. The significant reduction of the cylinder rotation speed allows to solve the task of considerable decrease of dynamic load on the cylinder surface what is very important from the standpoint of its conservation. At cylinder rotation speed reduction to 3-6 revolutions per minute the dynamic load on the cylinder surface in the reproduction system can be reduced by a factor of 300-500 compared to piezoelectric method.


Secondly, the method allows to improve significantly the sound reproduction quality. Edison cylinders sound reproduction process analysis showed that one of the main noises is the noise arising at the pick-up stylus contact with dust particles and scratches. The size of dust particles (3-10) ( and majority of scratches (5-10) ( is much more lesser than the length of a print corresponding to high-frequency components of sound signal (actually at linear velocity of stylus movement on phonocylinder of 0,5 m/s to the frequency of 5 kHz corresponds a longitudinal recess with a length around (80(100) (). At stylus interaction with dust particles and microcracks at traditional reading methods arises a pulse noise interference having a wide spectral range and hardly isolated of desired signal. To reduce the noise produced by dust particles, cracks and other obvious defects the sound track surface picked up profile was proposed to approximate by smoother curve before its conversion into sound excluding evident overshoots connected with dust, cracks, etc.


Thirdly, the computer processing and track profile conversion into sound exclude the necessity to repeat reproduction processes with the purpose of choosing optimal rotation speed which corresponds to that one, at which was performed recording. This reduces significantly the cylinders damage probability during their reproduction. A combined optomechanical interferometric system build up according to Michelson interferometer classical scheme was proposed, developed and investigated as sound track profile pick-up system. At the development of Edison phonograph cylinders interference sound reproduction equipment was used the optical storage development experience, in particular of designing superprecise aerostatic guides, interference sensors. The cylinder sound track profile is monitored by ellipse-shape probe. The interferometer measuring arm optical element is linked rigidly with probe and movement of the former corresponding to the sound track profile is measured with discreteness around 0,01 ( and enters computer. The precise rotation speed at which was performed recording for the majority of cylinders is unknown (0.3; 0.5 and even 0.1 m/s). By using computer is optimized reproduction speed and is chosen the speed which corresponds to the rotation speed during recording. Computer processing after surface profile recording allows to choose the optimal reproduction speed with one pick-up pass. To provide the interferometer measuring system stability and precision in developed equipment for Edison cylinders sound reproduction it was made stationary. Sound track profile pick-up (cylinder scanning) is carried out by cylinder synchronous rotations and axial movement relative to stationary interferometric system (positioning system). For minimizing external vibrations and noise the developed unit having mass around 3 tons is equipped with a system of pneumatic and rubber shock-absorbers and mounted on a 120 tons foundation. Rotation and linear movement drives are made on aerostatic supports what allowed to avoid noise of bearings.


As was mentioned earlier sound reproduced from Edison phonograph cylinders is characterized by a high level of noise and distortions of obtained signal. Therefore were developed methods of processing read-out phonograms. Phonogram processing is carried out in two stages: preliminary processing and approximation by analog methods and digital processing by using complex mathematical algorithms [ ].


The technical realization of the proposal method, the digital processing of phonograms allow to obtain a high-quality signal from Edison phonograph cylinders without destruction of the cylinder surface.


For introduction into the scientific circulation and provision of an open access of a wide circle of investigators, musicians, historians and others to rarity musical collections besides their rewriting it is also necessary to give all information which relates to collections. The edition of audiorecords reproduced from phonograph cylinders is expedient to perform in multimedia presentation giving the most full information about time and place of recording.


As is known the sources of this information are both the cylinders of themselves and field records, correspondence, published and unpublished manuscripts and consultations with different experts.


An original information source is certainly the cylinder itself. On cylinders can be cut own names of collectors, dates of recording and other defining marks.


The cylinder container is also used by documenting collection. The collectors superscribed labels by hand on the exterior side of a box or made inscriptions on their curved surface or inserted leaflets with information inside container. 


The secondary information source is any written material which relates to the collection (references, interviews, copies of translations, texts, pictures of those places where the expeditions worked, extracts from diaries of contemporaries). The most valuable source are archives describing collections.


From the above-stated follows that the reproduced audiorecords will arouse the greatest interest if they would be presented as follows:

· record of a signal, reproduced from the phonocylinder;

· record of a cleared signal;
· all written, graphical and any other material relating to the time of recording with lists of reference numbers provided with cross links.

At present using a principally new digital optomechanical method and equipment of nondestructive sound reproduction is completed work on rewriting from Edison phonograph cylinders on digital carriers of “M. Beregovsky Historical Collection of Jewish Music” which is stored at Vernadsky National Library of Ukraine.


The collection consists of 1200 wax cylinders and contains more than 2000 phonograms collected in the first half of the 20th  century (1912-1947) on the territory of Ukraine and (to a lesser degree) Belorus. The recordings were performed in Ukrainian and Belorus towns and boroughs with traditionally numerous Jewish population. A collection is of immense historical and culturological value and is a result of historical-ethnographical expeditions of a known writer and ethnographer S.A.An-sky (Shlomo Rappoport), composer and musicologist J. Engel, known specialist in folklore and scientist M. Beregovsky and also other investigators-enthusiasts. The collection preserves musical traditions of a very rich period of the eastern-europian culture and contains traditional Jewish music of different genres: tunes without words, instrumental pieces, household songs, parts of synagogue liturgies, Jewish theatrical performances and also performances of the prominent Jewish cultural workers. Only a catalog of M. Beregovsky phonocylinders collection is recorded in UNESCO Golden Book. In collection is the only authentic phonogram of a record of Sholom Alejhem voice, on computer carriers is rewritten the sound material from more than 800 wax cylinders which is presumed to edit in the form of the sound anthology of Jewish melodies of the 20th century on 50 CDs.


To date are edited 2 CDs with phonograms of collection: in 1997 a CD named “Treasury of Jewish Culture in Ukraine” and in 2001 – “Materials of J. Engel  Ethnographic Expedition 1912”.


The CD “Treasury of Jewish Culture in Ukraine” includes a speech of Sholom Alejhem at opening the Jewish Historical/Ethnographic Museum in Petersburg (1914) as well as 40 musical compositions (from 1912 to 1945). The analysis of the first disk from a collection which was carried out at the Museum of the Jewish Culture in Amsterdam in 1999 has shown that from 40 phonograms only 3 are available in the world-wide known three-volume anthology of the Jewish song edited in Jerusalem, New York and Amsterdam what confirms the uniqueness of this collection. In booklet to a CD is related about the history of this collection, about scientists who created it, there is attached a list of musical compositions which sounded from a disk. The booklet is illustrated with fragments of paintings of the past century, pictures from collection archive and there is presented a picture of equipment for cylinders rewriting which was developed at the Institute for Information Recording of the NAS of Ukraine. The booklet is issued in Russian and English. An abridged version of this disk including a record of Sholom Alejhem voice and voices of known workers of the Jewish musical culture of the beginning of the 20th century such as Kisselhof and others was gifted by the President of Ukraine to the people of Israel at the sitting of Knesset in 1996.


The second CD “Materials of J. Engel  Ethnographic Expedition 1912” includes the earliest records from private collection of J. Engel, a known Jewish composer and musicologist. The records were performed during the first test ethnographic expedition in 1912 in the Jewish boroughs of Kyiv and Volyn Provinces. On CD are presented 18 phonograms including religious songs, Hasidic tunes, Jewish folk songs and also is attached a text and note material related to those phonograms.


Besides the above-mentioned are also rewritten: a collection of the Ukrainian musical folklore of the M. Rilsky Institute of History of Art, Folkloristics and Ethnology of the NAS of Ukraine, a collection of cylinders with phonograms of the prominent Danish composer Carl Nielsen (Aarhus, Denmark). According to estimation of Danish experts who performed testing of systems for Edison phonocylinders rewriting from different countries the equipment developed at the Institute for Information Recording is the best in the world, and in connection with this to the Institute was granted the right to carry out the rewriting of this national heritage.


Thus the created unique equipment allows to perform high-quality rewriting to audioinformation from phonograph cylinders on modern digital carriers what gives an opportunity to introduce into scientific circulation rarity musical collections of the past centuries.
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