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Abatract. Tha lnssr-beam raflection method that hoa bosn developed for the re-
productlon of phonograph wax cylinders was applied to metallic negative cylinders
called galvanas, for which the traditicnal pl:nqu-‘u.p]'l. cannot be used. ‘To this end,
& compact optical head conalsting of a lnser diode, & position senaltive device, and
Mumination and detection optics was developed together with drive and control
unita. Some valuable sounds were reproduced succesfully by this pystem,

1 Introduction

The invention of the phonograph by Thomas Edison has provided a first tool
for recording sounds, and numbers of valuable recordings were made from the
end of the 19th centucy to the beginning of the 20th, Many such recordings
remain as phonograph wax cylinders, which can be reproduced by traditional
phonographs ns long as they do not have serlous damages, To reproduce wax
cylinders with gerlous damages, the laser-bearn peflection method has been
davaloped and applied succesafully Lo varlous wax ¢ylindara |1-4].

Recently, the authors eome to kndw that many phonograph ¢ylinders are
presarved in Germany in the form of metallic negative cylindora in which folk
musi¢ of various countries over the world are recorded. The negative cylinder
was made by plating & wax eylinder with copper and, then, by melting down
the original wax eylinder, belng also referred to as galvanos, In this process,
the sound |8 transferred Inkto convex portions on [k Inalde surface. Becauss of
this, any stylus method is ineffective and those negatives have been left for a
long time without invastigations of the valuable sounds in them.

It i found, however, that the lagar-beam reflection method developed
for wax cylindors is effective alio Lo the negatives, To apply the method
to the nagatlves, some modifications were made and & new metrument was
constructed. In this paper, wo describe some festures of the pegatives and
the developed optical galvang player.

2 MNegative cylinders

Three negative cylinders were employed for the development of the inatro-
ment (Fig. 1(a)). They seem to be produced from typical wax cylinders and



Fig. 1. (a) Negative cylin-
der, (b) Inside susface of
the negative cylinder abow-
iog the beight variation of
the sound bank which s &

repllca of the sound groove
of the orlginal wasx cylinder

(a) (k)

have nearly the same dimension of 56, 54 and 110 mm in the outer and inner
radil and length, respectively, The typleal rotation rate was 144 and 160 rpm,
and a sound of 2-Imin is encoded o the ingide surface of each cylinder as &
spiral bank with & plteh of 1/100inch (Fig. 1{k}).

3 Principle of the reproduction

The prinzlple of the Iaser-beam reflection method I3 shown schematically in
Fig. 2. In case of the negative, the sound is encoded as a height variation of
the surface of the sound bank. Suppose & laser beam incident on the center

ek Fig. 3. Principle of the laser-beam re-
flectbon mathod, As the cylisdar ro-
tales, the reflaction direction wvaries in
the z-directlon dus to the beight vari-
stion of the sound bank [sound track).
The deviation af the lumination spok
from the center of the sound bank
gived the varlation lo j-direstion

of this sound bank. The beam s refected according to the reflectlon law and
implnges a detection plane (zy-plane) perpendicular to the optical axis. With
a rotation of the cylindaer, the Wuminating pesition In the sy-plane moves
aleng the z-axis, In fact, the z-coordinate of this illuminating position s
proportional to the tangent of the sound bank at the Ulumination spot and
gives the sound signal, On the other hand, if the illuminatlon spot deviates
from the center of the bank, the reflocted beam digresses In the y-direction,
which gives a signal for the tracking error and can be used to compensate
the deviation of the illuminating spot by adjusting the translation apeed of
the cylinder. Thess two signals in the z- and y-directions can be detected
independently by setting o two-dimensional position sensitive deviee (PSD).



4 Optical system

To apply the above principls to the negative cylinder, a compact optical sys-
tem that can be inserted into the cylinder is required. A schematical diagram
and & photograph of the optical head we have constructed are shown in Figs. 3
and 4, respectively. A laser beam from a laser diode LD with the wavelength
of 670nm is gulded by mirrors My, My, M; and M;, and a beam splitter HM
to & lens Ly, which converges the beam to the inside surface of the cylinder.
The beam reflected from the cylinder surface goes back through the same
part of the system up to HM and, then, is led by the lens Ly to the PSD. A
pinhole F is placed at the focal plane of Ly, where the Image of the cylinder
surface is formed, and passes only the image of the llluminating spot, thus
rejocting effectively the stray light due to multiple scastering and reflection
ingide the cylinder,

Flg.3. HSchamatle dia-
grim of the optical head.
The lens Ly, mircors M;
nnd My, and beam split-
ter HM are common to
the lluminatlon snd de
tecilas optica

Fig. 4. Photograph of the
optical head with (ke
cover removed for diaplay.
The mirror M; in not
sson o this photograph.
P incicatea the peaiticn of
the plobole which in une
meunted in this image

6 Reproduction system

A schematic diagram of the developed system which may be called optical
galvano player 18 shown in Fig. 5. The system consists of the drive and con-
trol units, the optical head being mounted on the former. A photograph of
the drive unit is shown in Fig. 6. This system has two tracking modes: the
auto-tacking mode and the constant translation mode, The former-utilize the
teacking-ercor signal (o keep the tracking of the laser beam along the scund
bank, while In the latter the cylinder is translated with a constant speed de-
termined by the rotation rate of the cylinder, The rotatlon rate is adjustable
in the range of 140-160rpm.

Using this system, we reproduced succesafully the sounds from some nege-
tives including performances of Japanese musical instruments, shomisen and
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Fig. 5. Diagram of the opthcal gak
vimis player, The systam consista of the
drive and coptrol ynits. The DC mator
M; rotatos the holdaer while the pulse
motor M; drives z-stage. The signal
convarter processcs the output of the
FSD and yields the sound and tracking
arror signads, V5 and ¥ Ve 8 ampli-
fled and drives the spesker, while 'I.-"..
is bent to the pulte motor dover via
the low-pass fllber asd V-F comvarter
(auto-tacking mode). The pulse mo
bor can alac be comtralbed by the algoal
from the photo-gensor [constant trans
|&Eion mn-d.l]

Fig: 8, Drive unit of the
optical galvamn player.
The optical bead is in-
serted Inte Ehe Begntlve
e, R W held inside the cylinder
Translslon Sl o o Uy gy, h-ntdtira-hhhm:”mnunud
il O 3 A trapalation stage

(m-ntago)

koto, which ware recorded in Berlin ln 1801, The reproduced sounds have
much better quality than existing wax cylinders. This is partly because wax
eylinders cucrently svallable have beon played many times and worn out con-
siderably while the negatives preserve the Inltial quallty of their original wax
cylinders. The present instrument s expected to be used for revealing valu-
able sound information that has been laft unknown for bong tme,
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