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Technical Notes 
 
 

on the Use 
 
 

of the Gramophone Recording Apparatus.1 
 
 

July 1890. 
 

 
 
 

 The instructions should for now be exactly observed. 
 The comments made about the handling of the soundbox in §4 
apply above. 
 Through the creeping in of multiple small errors, large ones can 
arise. 

                                                           
1 Translation by Patrick Feaster of original booklet found in the Emile Berliner Papers, Manuscript Division, Library 
of Congress. 
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I. Fatty Wax Solution. 
 

 In ½ liter of petroleum ether (0.640-0.650 Baumé2; ordinary 
benzine measures 0.680-0.700 Baumé), one should dissolve 35 g of pure 
dark yellow beeswax, skim off the clear yellow solution that separates 
out on top, and dilute it with a like quantity of petroleum ether. 
 One should use 3 glass bottles; one with very wide opening, say in 
the form of a canning-jar, for dissolving the raw wax; a bottle of any 
shape with narrow neck for storing the skimmed-off solution; and a third 
very firmly-standing bottle with as thin-glassed an opening as possible 
of circa 2 ½ cm diameter for diluting the solution for daily use in 
recording. 
 For skimming off the clear solution, one should make use of a 
rubber-ball aspirator.  The wax is finely shaved and, after the ether is 
added, one should shake and stir the whole 5-6 times over periods of at 
least half an hour until the insoluble sediment that forms appears as an 
entirely homogenous cheese-like mass. 
 From this, through further pouring on of petroleum ether, yet more 
of the yellow solution  

                                                           
2 “Beaumé” in the original is presumed to be in error. 
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can later be extracted, which then needs hardly to be diluted more.  The 
last resulting sediment is poured into an earthen vessel for collection and 
the bottle cleaned with some petroleum ether. 
 Since the diluted solution becomes gradually fattier in being 
poured back and forth through evaporation of the ether, one should 
observe the optical assessment of the dried wax layer3 described further 
on in order to assess the strength of the solution. 
 The fatty wax solution catches fire very easily, especially above a 
burning or glowing body, since the ether fumes are heavier than the air 
and float downwards from the open and inclined bottle. 
 Dark wax gives more of the yellow solution than lighter and, if 
unadulterated, possesses the familiar strong honey odor. 
 

II. Chromic Acid Solution. 
 

 For etching the zinc, the so-called 75% technical chromic acid 
(thus far brand E. de Haen, List near Hanover) serves for now, 1.60 
Mark per kilo, of which 250 g is dissolved per liter of water. 
 Many brands are not as reliable and require greater quantities in 
order to obtain the necessary strength. 
 The solution clarifies itself by standing in 3-6 hours and may then 
not be shaken any more, in order not to stir up the sediment again. 
 Or—if completely dissolved—one can also  
  

                                                           
3 Fettschicht is “fat layer”, but I have translated this term throughout as “wax layer,” because Fett is short for 
Wachsfett, translated as “fatty wax.” 
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filter the solution.  Instead of technical chromic acid, one can also use a 
mixture of sulfuric acid or nitric acid with potassium dichromate or 
sodium chromate4 or pure chromic acid.   
 Here the rule is to add chromium only until a watery solution of 
10% or so dripped on lines (zinc) still shows no hydrogen bubbles 
under a good lens even after 10 minutes. 
 The more watery the chromic acid solutions are, the more 
shallowly the lines etch themselves, and etchings created through the 
75% solution specified above shall be a provisional standard for 
assessing etchings in the case of new solutions. 
 In general, with the constitution of new etching solutions or with 
electrical etching, the formation of bubbles is to be strongly avoided. 
  The acids should be strong enough to etch just as widely as 
deeply.  In the case of plates, on the other hand, which are to be 
duplicated or transferred through a copperplate method, the acids must 
be as strong as possible in order to etch deeply and narrowly. 
 The more undulatory the lines appear before etching, the shorter 
the duration of etching should be.  The general rule is to etch the lines 
just widely enough to give the needle of the reproducer secure 
guidance. 
 
 

III. Zinc. 
 

 Of all the kinds of zinc, good (ordinary) sheet zinc (Silesian or 
Belgian) has so far proven  
  

                                                           
4 “Chromatrium” is presumed to be in error for Chromnatrium. 
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best.  The same must be flat and have a mirror-bright polish. 
 One should heat bent sheet zinc moderately and then press it 
immediately on an even surface for a longer period of time.  It is even better 
to make the pressing surfaces themselves hot. — Pressing on a perfectly flat, 
hard base is likewise supposed to have proven most practical. 
 Of other metals, highly polished copper, etched with iron chloride, 
delivers excellent results; precise instructions relating to this will shortly be 
published. 
 It is unavoidably necessary that the surface should be absolutely free of 
grease, and for now the test of this shall be that a small clean cloth of 
unfinished shirting (so-called cotton shirt cloth, at circa —.50 Mk. per 
meter), soaked with petroleum ether and rubbed firmly over the surface, 
shows barely noticeable dark smudges.  In the case of very soft zinc, 
however, which abrades under the pressure of rubbing, the rapid 
disappearance of the ether rubbing-lines that are formed shall be considered a 
distinguishing mark of the clean surface. 
 If the surface is not absolutely free of grease, then the fatty wax does 
not adhere to the metal and the latter becomes pitted.  One should, above all, 
also avoid touching the zinc surface with the finger. 
 If the surface is not polished mirror-bright, then a range of sources of 
error arises, namely gradual abrasion of the point of the sound-stylus, greater 
thickness of the wax layer, noise and uneven etchings; furthermore, even 
greater frictional resistance against the sound vibrations. 
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IV. Recording Soundbox. 
 

 The handling of the soundbox can hardly be learned correctly 
without the guidance of an experienced gramophonist. 
 It is mainly a matter of the right eye for assessing the writing 
point, placement and any appropriate regrinding of the same, pressure 
of the stylus lever against the membrane, length and inclination relative 
to the sound-plate, placement of the cork sound-covers, sizes of the 
holes in the same, and proper condition of the speaking tube and 
sound-funnel respectively. 
 One should take care that all the screws are tightened. 
 The sound-post should not touch the sound-stylus, but should pass 
freely through the hole of the same. 
 Experiments are constantly being made on the part of the inventor 
to reduce the sources of error as much as possible and to make the 
soundbox equally sensitive to all qualities and pitches of the sound of all 
voices and instruments. 
 It is strenuously urged for now that no manner of modifications be 
made to the supplied soundboxes, and that any new results with different 
sound-funnels and placement of the same relative to different 
instruments be communicated to the Gramophone Company. 
 The current construction of the recording apparatus is the result of 
the most thorough research, and while new experiments by the more 
experienced Master Physicists of gramophony can only be beneficial, 
warning is made against overly hasty conclusions. 
 It is a matter here of an apparatus which already represents more  
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organic mechanism, and as e.g. in the case of the human ear and its 
arrangement there hold very exact relationships of the smallest parts to 
each other, so the relationship of the parts of an apparatus for the correct 
registration of sound waves must be quite precisely sized with respect to 
each other. 
 If one changes the size ratios, material, tensions, thickness of the 
sound-tubes, form and length of the funnels, quality of the rubber 
dampers, etc., then the empirical synonymity of the respective parts is 
changed and one runs the risk of creating sources of error. 
 It should not be asserted that radical changes are ruled out, but the 
same would necessarily exhibit new errors here and there which could 
only be diagnosed and eliminated after many experiments. 
 In general, the instructions for attaining the best results may be 
compiled as follows: 

a) The membrane should be as small, hard, and unchangeable as 
possible and at the same time thin enough to be sensitive. 

b) The sound-stylus should be as short as possible while being able 
to stand at an angle of circa 45° with respect to the sound-plate; the point 
should be as sharp as possible without scratching the metal, and the 
pressure on the sound-plate as low as possible without preventing an 
assured cutting-through of the wax layer. 

c) The rotational speed should be only great enough for the 
designated soundbox to achieve the maximum wave height (see §7). 
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V. Cleaning the Plates. 
 

 One should buy a meter of unfinished shirting, so-called cotton 
shirt cloth, at circa 0.50 Mark per meter, which material possesses the 
necessary toughness to clean well without scratching the zinc, and cut or 

 One should further provide oneself with a clean bottle, make a hole 
through the cork, and fill the same with petroleum ether.  Further, one 
needs a flat board with a short peg in the middle on which the plates can 
be cleaned, a number of sheets of clean packing paper, a few sheets of 

The size of the hole in the case of the entirely finished plate amounts to 
exactly 7 mm, and it is advisable to bore somewhat smaller, since during 
boring the plate easily slips and the hole becomes too big, whereby an 
exact central placement of the plate becomes difficult.  Afterwards it is 
helped up to the exact size with the reamer, on which a guideline is 
made.  One should wipe the edge, the hole, and the reverse side of the 
plate with a cloth, lay a clean piece of packing paper underneath, and 
then the plate with the mirror surface upwards on the board. 
 Then some petroleum ether is dripped onto the plate and the 
surface quickly rubbed over with a small, clean cloth. 
 One should rub in short, rapid circles, with firm pressure, and 
always towards the periphery. 
  

rip the same into pieces of circa 6 cm square and lay the pieces into a 
covered box in order to protect them from dirt.

clean white paper, and a reamer in order to help any small center holes.  





10a 
 

 
  
 

Once the ether has evaporated, one should turn the cloth and repeat 
the procedure, take a further clean cloth and if necessary a third or 
fourth, until, as mentioned above, smudges appear only weakly, or in the 
case of soft metal the circles of ether quickly disappear under the hand.  
If one cleans several plates in succession, then one should lay a piece of 
clean, white tissue or printing paper between every two cleaned plates 
with the polished surfaces against each other. 
 The packing paper is renewed after every second or third plate. 

 
VI. Coating the Plates. 

 
 One should provide oneself with a plate-holder consisting of a 
short handle of wood, a peg sticking into it circa 15 mm long and not 
quite 7 mm wide, and should slide onto the lower part of the peg a little 
piece of soft rubber tubing circa 3 mm long.  This rubber prevents the 
fatty wax solution from running through.  Onto this holder one should 
place the cleaned plate with the polished surface upwards and pour some 
of the diluted wax solution, then quickly lower the plate almost 
vertically and collect the fat solution that runs off in the bottle; the drops 
still hanging are then quickly swabbed off with a small cloth.  Once the 
ether has evaporated, one should turn the lower part of the plate upwards 
and proceed exactly as before—thus, in the opposite direction.  During 
this manipulation one can assess the thickness of the fat solution.  After 
the first  
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pouring, the dried wax layer should iridesce, i.e., shimmer in the colors 
of the rainbow.  After the second pouring, the colors should hardly still 
be visible. 
 If the wax layer5 appears gray and without iridescence already 
after the first pouring, then the solution is too strong and must be diluted 
with petroleum ether.  If the wax layer still appears highly shimmery 
after the second pouring, then the solution is too thin, and one can for 
now pour for a third or fourth time and afterwards make the solution 
fattier. 
 But in the case of plates that are mirror-bright, especially well 
cleaned, and coated immediately after cleaning, even an iridescent wax 
layer often holds off the acid completely.  If the plate appears spotty 
after coating, then it was not well cleaned or poorly polished, and the 
spots mostly etch through in the bath. 
 As a general rule, the principle applies that the wax layer 
should be as thin as possible while still holding off the acid from 
attacking the metal outside of the lines. 
 For want of a suitable finish for the reverse side which is also not 
attacked by the use of the spiritus,6 one coats the reverse side likewise 
with a fatty wax layer and, indeed, immediately after the polished 
surface is coated. 
 For pouring on the reverse side, however, one should hold the plate 
fairly horizontally and not let it run off, because otherwise some of the 
fatty wax washes around the edge onto the main surface. 
  

                                                           
5 Fettschrift (“fat-writing”) is presumably in error for Fettschicht. 
6 In the pharmaceutical sense of a spirituous preparation, i.e., alcoholic “spirits.” 
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VII. Recording of Voices and Music. 

 
 For now all recording apparatuses are constructed with manual 
operation, and in such a way that the hand-crank must be turned 150 
times per minute in order to give the plate the correct rotational speed.  
One should therefore habituate oneself by the clock as soon as possible 
to turn the crank 150 times per minute.  One can also regulate the hand 
through an improvised pendulum which oscillates 75 or 50 times per 
minute, and one should then turn twice or three times respectively per 
oscillation. 
 The rotational speed should for now be: 
  for plates up to  7 cm diameter    150 times per minute 
  "         "        "    10  "         "         125   "        "       " 
  "         "        "   12½  "      "         100   "        "       " 
  "         "        "    15  "         "          75    "        "       " 
  "         "        "    20  "         "          60    "        "       " 

"         "        "   25  "         "          50    "        "       " 
 Now while certainly by means of a so-called disc gear7 the linear 
speed itself could be so regulated that each plate would show uniform 
wave distances from the periphery to the middle for a given sound, this 
mechanism, since it is less simple, is not being used for now. 
 For this reason it is advisable with the uniform rotational speed of 
the plate to inscribe the same only until the sound record forms a ring 
whose width amounts to circa 1/5 of the diameter of the plate. 
 It is a fact surprising even to most physicists that the wave height 
increases up to a  
  

                                                           
7 The term Diskusgetriebe seems to refer in other contexts to friction wheels. 
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certain linear speed.  The limits of this relationship are probably 
determined by the length of the sound-stylus and the elasticity of the 
membrane. 
 With the existing apparatuses the limit was reached at a linear 
speed of circa 60 cm per second. 
 Analogous to this fact is another, namely that a ship obeys the 
rudder more quickly, the more quickly it goes forward.  It is probably 
advisable to jot down the rotational speed of each plate in the middle and 
to etch it in too, something like this: 100 R., i.e., 100 revolutions per 
minute.   Particularly this should be done where one uses another than 
the normal speed designated for the size of the plate. 
 The distance of the lines from each other can be varied by putting 
in other gears.  For ordinary use, wheels obtain by which the lines have a 
pitch of about 1/3 mm.  But for ordinary conversation a pitch of 1/4 mm 
is quite practical.   
 The spiritus to be used in recording should be of good quality, 
since too great a water content prevents the wax layer from being 
penetrated; conversely, denaturing seems to have no effect. 
 On no account may the spiritus dry off on the inscribed plate, 
because it then deposits a delicate film of fatty wax over the lines, which 
is more or less obstructive to the etching. 
 Inscribed plates need not be etched immediately; rather, allowing 
them to stand for several hours after recording is advantageous because 
the fatty wax thereby becomes harder.  But apart from that, such plates 
can be  
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kept for a long time, provided that they remain dust-free and are 
protected from damage to the wax layer.  
 If someone is having his voice recorded for the first time, it is 
advisable first to have him speak or sing a few sentences without the 
stylus writing, firstly in order that the novelty of the situation might be 
overcome, and then to draw attention to any faults, talking too rapidly or 
too softly, etc.  The amateur singer or songstress should be vigilant 
against marking forte passages too sharply. 
 One should remain—as true art demands—measured, even at the 
highest generation of force. 
 The same applies to the nonprofessional elocutionist. 
 Nobody recognizes his own voice upon reproduction, because one 
hears one’s own voice both from outside and from inside, whereas the 
gramophone gives it only from outside. 
  

VIII. Sound Drawings on Glass. 
 

 In order to show sound drawings effectively on glass, also to use 
for photographic purposes, one should make use of the following 
procedure: 
 To 20 parts petroleum ether one should pour 1 part machine oil, 
pour some of this onto and off of a glass plate, and blacken the fine wax 
layer that then remains over a sooty flame until the surface appears just 
dry. 
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IX. Miscellaneous. 
 

 For observations of the sound records and needle points one should 
use a good medium-size magnifying glass which magnifies at least 3 
diameters. 
 For cleaning the plates after etching one should make use of a soft 
hair brush divested of its handle, soap, and water. 
 The best grindstones for needle points are the so-called white 
Kansas grindstones. 
 When a plate is reproduced for the first time after etching, one 
should use a completely perfect needle point. 
 
 

X. Designations of the Categories. 
 

A  Alto. 
B  Bass, Baritone. 
Cl  Clarinet. 
Cc  Concertina. 
Co  Cello. 
Ch  Choir. 
Dv  Miscellaneous. 
Dt  Duet. 
Fl  Flute. 
Fg  Bassoon. 
Gt  Guitar. 
Gl  Bell chimes. 
Hf  Harp. 
Hm          Harmonica.8 

M  Mechanical Instrument. 
Nt  Sounds of Nature. 
Or  Orchestra. 
Og  Organ. 
Ob  Oboe. 
P  Piano. 
Ps  Cornet. 
Pc  Piccolo. 
Po  Trombone. 
Q  Quartet. 
R  Recitation. 
So  Soprano. 
Tn  Tenor. 
Tp  Trumpet. 

 
 

                                                           
8 Or “Accordion”—Harmonica could mean either instrument in German. 
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Tl  Drum. 
To  Trio. 
V  Violin. 
W  French Horn. 

X  Xylophone. 
Z  Zither. 
Vc9  Singing. 
I  Instrumental. 

 
XI. Meanings of the Colors. 

White   Instrumental. 
Light Blue   German. 
Dark Blue    Greek. 
Rose   English. 
Ponceau   Norwegian. 
Cerise   Dutch. 
Lilac   French. 
Pansy   Italian. 
Light Green   Russian. 
Dark Green   Portuguese. 
Yellow   Spanish. 
Orange   Swedish. 
Light Brown   Danish. 
White with Hebrew letters   Hebrew. 
Yellow with Dragon   Chinese. 
Yellow with Emblem   Japanese. 
Red with Crescent   Turkey. 
Blue with Crescent   Arabic. 

 
The metal surface should be mirror-bright and absolutely clean. 

The sound-stylus should be sharp and the pressure moderate. 
The solutions should be exactly according to instructions. 

 
PRESS OF HESSE & BECKER IN LEIPZIG. 

                                                           
9 The abbreviation “Vc” may refer to “Vocal.” 


