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Abstract, The reproduction of sounds from old phonographic wax cylinders using &
Inser-boam reflection method was succamfully doveloped at Hokkaldo Uslversity about
won years sgo. Thia development has made great contributlons o the fields of folklore
and philology becanse a Lot of cyllnders with cultwrally moportant costests et
in the world still pow. That method was, however, limlted to be spplied 1o normal
wax tylinders. Forthermere, an unavoidable nolss problem caused by laser speckles
oeoues in this method, To overcome these domerits, active efforis bave been made and,
comsequently, various methods for the reproduction of sounds wre sttempied, In this
paper, the reproduction of sounds from an old Huesalan wax cylinder using various
methods 18 introdused

1 Introduction

After the invention of the tinfoil recording by Thomas Edison in 1877, a great
progress has been made in the audio technology, Bapechally, the cptical tech-
nology coniributed & great deal to that technology such as CDs and MDa. It s
ovident that the analog audic has been evercome by the digital technology in
audio markets. It is, however, recognizable that (here are pesds for the analog
audio. In some cases, such needs come from a nostalgla or & maniac intarest to
an odd techrology. In other cases, there are academie neods for the analog nudio
becauss analog recordings Include important cultural materials. The phonograph
based on the tinfel recording was invented by Edlson in 1877, It was Inoovated
until 1838 to a phonograph using wax ¢ylinders and was used for both recordings
and reproduction of sounds untll about 1627, The most important charactaristic
of the innovated phonograph had the ability of recordings, Simply by replacing
a stylun for reproduction with that for recording, it wos saay to make recordings
on a cylinder. Therefore, the phonographle wax eylinder system was used &4 &
portable recording machine In the warld. As & result, numaerous kinds of record-
ings were made by field researchers at that tlme, and some of those recordings
have remalned until now and becoma important cultural inhertances.

The reproductlen of sounds from old phonographls wax cylinders are easily
realizad by using an Edison-type phonograph. Although this phonograph is s
proper way of the reproductlon, it may cause damages on sound grooves of wax
eylinders because of its heavy stylus pressure. The laser-beam reflectlon method
waa first developed at Hokkaldo University [1] for the purposs of non-destructive



and non-contacting reproduction of sounds from Pitsudaki’s wax cylinders dis-
covered ab Micklewles Undveralty in Poland. This new method has made a great
coptribution (o both philology and folklore of the Ainu people and originated
varlous works on the optical repreduction of sounds from old phonographic wax
cylinders and old disk records (23],

In this paper, the wax cylinders and the Edison-type phonograph ace briafly
Introduced firat. Next, the principls of the laser-beam reflection method ls de-
gcribed as a bagis for the optical reproduction of sounds from old wax cylindars.
Furthermors, varioos sttampts for the reproduction ars shown, Finally, conclu-
sive pemarks are noted,

2 Wax Cylinders and Edison-Type Phonograph

Tha dimension of the standard type of wax cylinders are =3 Inches diaseter
and red inchea bong. Scunds are cub on 100 grooves par inch. The playing speed
I8 Bdrpm for speech and 120-160rpm for music. Therefore, the playing time is
about 4 minutes for apeech and 2 minutes for muslc, Thers are cylinders of dense
sound grooves{200 per inch) and of the longer dimension{150mm long) which are
suppoiid Lo have been produced in order to cope with disk records,

Fig. 1. Schamntic diagram of the procadurs
for pecording sounds cn the wax cylinder

By using the Edison-type phonograph with & cutting stylus, the recordings
were made on wax cylinders with & direct cutting method. Figure 1 ahows this
situation. Most of the phonographs did not provide an electric amplification sys-
tem. Therefore, the cutting was performed anly with the sound pressure tranos-
mitted to the stylus theough the diaphragm and results in small vaciations of
the cutting depth on sound grooves, The Edison-type phonograph had spraad
rapidly and widely all gver the world after its invention. Although the major use
of it was for amusements capocially in the United States, iu properiles of porta-
bility and sasy recordings made a great contribution to philelogy and folkbore.
The feld workers at that time brought a phonograph with them and recorded
varlous materials, In spite of the capability of easy recordings, the Edison-type
phonograph geadoally declined and was finully roplaced by disk records until
1629,



3 Laser-Beam Reflection Method

Figure 2 shows an intersection of & wax cylinder and the principle of the laser-
beam reflection method, Sound signals are recorded s vartical variations of the
grooves, A laser beam is incident on the bottom of & groove of the wax cylinder
and is reflected according to the law of reflection. Apparently, the direction of the
reflected ray by proportional to the variation of the depth of the groove. Hence,
by placing a poaition sansitive device (P30} in the dotecting plans, sound signals
recorded on the cylinder are reproduced as the ontput slgnal of the P3D,

Fig. 3. Intersection of the wix cyllodsr and
the schematic 2-D diagram af the laser-beim
tafloction mothod

The usa of & laser source provides an e of aplical configuration, Eapacially,
the focusing of a lasar beam cnto the bottom of & scund groove is easily estab-
lishable. On the contrary, some difficulties arise with the use of & Luser, The
major difficulty 18 a problem concerned to speckdes. The surface roughness of
sound grooves causas & speckling effect In the detecting plane and this results in
an unnecessary malse for the reproduction of sounds because & PSD% output s
proportional to the mean intensity distribuon on (ta sensitive aroa. In addition
to the noise problem deseribed above, a tracking problem also arises Inherently
in the case of & non-contacting method, The larger radius of an illuminating
lager beam spot causes an overlllumination over the grooves of the wix cylinder
and results in an echo problem for reproduced sounds. An adjustment error of
the beam spol directly affects the directlon of the reflected beam and produces
an unpequired beam shift out of the detecting position,

4 Russian Wax Cylinder

A series of [Lussian wax cylinder were found at the museum of Potersburg and
were congidered to be the recordings of Chaliapin, & (amous Russian Opera
alngor In the Inte 19th, But no notes concerned to the contents af the eylindar
were found on the package. The dimensions of the cylinder are different from
those of the standaed type. The diamater is the same aa the standard type, but
the length is ==6 inches, by which the playing time becomes longer. Figure 3
shows a photogeaph of the Rusaian was cylinder and its package together with
a standard wax cylinder on the rlght side. The phonographs which are avallable



#Llll mow for this type of eylinders are searcedy found and & protatype of the laser-
beam reflection methed is not available for the Russian cylinders bocause of the
mechanical restrictlon, Therefooe, & new syitem using the lasec-benm reflactlon
method which is applicable to various types of cylinders has been constructed.

Flg. 3. Photograph af ths Russian was
cylinder and its package. The small eylinder
shiwn on Lbe right side o o slandacd Lypa

By using the new system, the reproduction of sounda from the Russlan wax
cylinder has been successfully performed. There are 5 parts of the recordings
which asem to ba the readings of postry, Varlous mothods, including the use of
an incoherent light source, the wery low pressure contacting technique and the
other attempts, have been applied to increase the gualivy of reproduced sounsls,
The main purpose is to establish & non-destructive and pon-contacting method
for the falthful reproduction of pounds from old phopographic wax cylinders,
Each method succesalully reproduced the sounds from the wax cylinder and che
reproduced sounds seem Lo be good.

5 Conclusion

A new system which s applicable to varlous typea of wax cylinders has been suc-
cesalully developad. By ueing this aystam, various mothiods for the reproduction
of sounds from old wex cylinders are investigated, Especially, the repreduction
of sounds from the Russlan wax cylinder with the longer dimonsbon was made
with this system. Although each method hes its advantages and disadvantages,
thaas mathods will contribite to the non-destruethva scrossnlng test of eylindars
which have remained in obscurity in the world,
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