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This invention relates to apparatus of the 
electro-magnetic type for use in recording or 
in reproducing sound, or other like oscilla 
tions, and is more particularly concerned 

5 with the recording or cutting of wax records, 
that is, the type of record in general use with 
gramophones and phonographs, or with re 
producing therefrom. 
In such apparatus it is necessary to make 

10 provisions for the recording or reproducing 
stylus to be able to rise and fall, irrespective 
of the vibrations of the stylus in following 
the sound line, owing to the surface of the 
record, in the case, for example of a disc rec 

15 ord, not revolving in an absolutely true plane. 
In known forms of electrical recording and 
reproducing apparatus the whole electro 
magnetic system comprising magnet, pole 
shoes, coils carrying audio-frequency cur 

20 rents, armature and stylus, with their attend 
ant fittings, are counterbalanced and move 
up and down with the surface of the record. 

It is also desirable in apparatus of this 
type to employ a relatively strong magnetic 

25 field in order to allow for adduate damping 
of the recording or reproducing stylus and 
in view of the resistance to be overcome in 
cutting the wax or with a view to producing 
sufficiently strong currents to give a repro 

30 duction of desired volume, and this necessi 
tates the provision of a relatively heavy elec 
tro or permanent magnet. If the mass of 
such magnet has to move up and down to ac 
commodate irregularities in the movement 

35 of the surface of the record or blank, even 
though this mass is counter-balanced, yet it 
still has a large moment of inertia and super 
fluous work has to be performed by the re 
cording or reproducing point. 

40 According to the present invention, there 
fore, the electro-magnetic system is so dis 
posed that certain of its components, prefer 
ably the heavier member or members, are un 
able to rise and fall with the surface of the 

45 record, whilst the recording or reproducing 
stylus is capable of up and down movement 
in addition to its oscillatory movement for 
recording or reproducing sound waves. 
According to one embodiment of the inven 

50 tion, and that which is at present preferred, 

an electro-magnetic recording or reproducing 
device is constructed in such a manner that the magnetic flux passes through three or 
inore relatively movable parts, the heaviest 
of which is not required to rise and fall with 55 
the Surface of the record. The device may conveniently comprise an electro or perma 
nent magnet mounted in such a manner that 
the magnet poies are not free to rise and fall 
but (if the recording or reproducing device 60 
travels across the record) are capable of 
movement only parallel to the surface of 
the record blank, (or the record may of course 
travel beneath a fixed recording device), a 
pair of pole shoes mounted so as to be free 65 
to move up and down between said magnet 
poles, with the surface of the record, and 
carrying the coils traversed by the audio 
frequency currents, and an armature, carry 
ing the stylus, mounted upon said pole shoes 70 
in such a manner as to be free to oscillate 
between them. We prefer to construct the 
armature in the form of a tube of magnetic 
material, so that it may be both light and 
rigid, and provided with a longitudinal slot 75 
to hinder the circulation of eddy currents. 
For the purpose of description the essen 

tial components of an electromagnetic re 
cording or reproducing device may be 
broadly divided into four parts, in the cases 80 
in which an armature of magnetic material 
is employed to carry the stylus, namely: the 
magnet, which may be permanent or an elec 
tromagnet, the pole shoes, the coil which is 
adapted to carry the audio frequency cur- 85 
rents and the vibratable armature. In the 
cases in which the stylus is mounted upon 
a coil or conductor adapted to vibrate in a 
magnetic field, the system may be divided 
into the following parts: the magnet, the pole 90 
shoes, the vibratable coil or conductor and 
the magnetic core within the coil, if such 
a core is provided. . . . 
In the description which follows the case 

of a recording device will be discussed and 95 
the magnet may thus be considered to be sta 
tionary whilst the turntable is rotated and 
moved horizontally in a straight line beneath 
the stylus. In the case of a reproducing de 
vice the magnet may of course be mounted 100 
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so as to be rotatable in a horizontal plane 
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above the rotating record and its weight may 
be taken by the bearing about which it is 
rotatable. The parts which are so mounted 
that they are capable of rising and falling 
with the surface of the record or of the 
recording wax may be counter-balanced to 
the desired extent by a movable counter 
poise weight and these parts will be referred 
to as the balanced parts. The member which 
is adapted to vibrate and which carries the 
stylus will be referred to as the vibratable 
member. The vibratable member must of 
course always be adapted to rise and fall. 
According to the form of the invention 

which has already been referred to, the mag 
net is fixed, the pole-shoes and coils are 
balanced whilst the armature is vibratably 
mounted upon the balanced parts. In an 
other form the magnet is fixed, the pole-shoes 
are balanced whilst the vibratable member 
comprises a coil adapted to carry the audio 
frequency currents. Alternatively, the mag 
net and pole-shoes may be fixed and the 
balanced parts comprise a carrier within 
which a coil, together with an iron core, is 
vibratable. - 

There are a very great number of possible 
variations within the scope of the present in 
vention and a few of these will now be de 
scribed, by way of example, in more detail 
with reference to the accompanying draw 
ings, in which 
- Fig. 1 is a sectional side elevation of One 
form of recording device. 

Fig. 2 is a front elevation of the same de 
vice with an end cover plate removed. 

Figs. 3 to 5 are diagrammatic front eleva 
tional views of other forms of recording de 
vices. 

Referring to Figs. 1 and 2, the permanent 
horse-shoe magnet 1 is fixed to the base of 
the recording instrument. The biacket 2 is 
secured to the magnet 1 and upon the end of 
the bracket is a pin 3 upon which two mein 
bers 4, placed upon opposite sides of the 
bracket 2, are rotatably mounted. A counter 
poise arm 5 is fixed to the upper end of the 
members 4 and carries an adjustable counter 
poise weight 6. An end plate 7 of non-mag 
netic material is fixed to the lower ends of 
the members 4 and two pole shoes 8 and 9 
are attached to the end plate. At the other 
side the two pole-shoes are connected together 
by means of an end plate 10, also of non 
magnetic material. The pole-shoes taper 
towards their inwardly pointed ends so as 
to concentrate the flux in the air gap. Two 
coils 11 and 12 are mounted upon a former 13 
and rigidly mounted within the framework 
formed by the end plates 7 and 10 and the 
pole-shoes 8 and 9. - 
The armature 14 is made in the form of a 

tube, split longitudinally and flattened at its 
upper end 15. A spindle 16 is rigidly at 
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tached to the armature and has its ends adapt 
ed to receive the points of pivot screws 17 
and 18 which screw through the end plates 7 
and 10 respectively. The armature is damped 
and biased towards a central position by 
means of two pads 19, of semi-resilient ma 
terial such as felt carried upon two brackets 
20. These pads bear against the two sides of 
the flattened upper end 15 of the armature 14. 
The members 4, the end plates 7 and 10, 

and the pole-shoes, together with all the parts 
carried upon these, are mounted so as to be 
capable of rising and falling between the 
poles of the magnet 1. The pole-shoes do not 
touch the magnet poles but the clearance is 
made as Smali as possible. The armature 14 
carrying the stylus 21 is capable of vibrating 
about the pivots 17 and 18. 

it will therefore be seen that the magnetic 
flux is generated in a fixed magnet, passes 
through the pole-shoes, which are capable of 
movement between the magnet poles, and 
through the armature, first in one direction 
and then in the other as the polarization of 
the armature is varied by the audio frequency 
currents and it is only the pole-shoes (which 
may be made quite light), the coils and the 
arinature, with their necessary fittings, which 
have to move to accommodate the rise and 
fall of the surface of the disc. 
The magnetic flux through the pole-shoes 

and armature will remain substantially con 
stant for the very small up and down move 
ments which are normally met with in prac 
tice. If, however, it is desired to allow for 
greater movement, the width of the magnet 
poles may be increased relatively to the width 
of the pole-shoes. 

In the example shown diagrammatically in 
Fig. 3, the pole-shoes 8 and 9 are formed in 
tegral with the magnet 1. The coils 11 and 
12 are carried upon a frame 21 which may 
be balanced as shown in Fig. 1. The arma 
ture 14 is mounted upon a spindle 16 which 
is vibratably mounted in the fraine 21. The 
two brackets 20 carrying damping material 
19 are fixed to the frame 21 and the damping 
material bears upon the armature 14 and 
gives it a bias towards a central position. 
In this case also the flux from the magnet 1 
passes through three relatively movable parts, 
the coils 11 and 12 being movable relatively 
to the fixed magnet 1 and the al'mature 14 
being capable of vibration relatively to the 
coils and the magnet. 

integral with the magnet 1 and the coils 
11 and 12 are fixed within the pole-shoes. 
The armature 14 is mounted upon a spindle 
16 which is carried on pivots upon a suitable 
balanced frame (not shown). The damp 
ing means 19 are fixed to the frame and bear 
upon the flattened upper end of the armature 
14. In this case the heavier members, name 
ly the magnet 1, the pole-shoes 8 and 9 and 
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In Fig. 4 the pole-shoes 8 and 9 are formed 
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the coils 11 and 12, of the electromagnetic 
system are fixed whilst the armature 14 is 
capable of up and down movement in ad 
dition to its oscillatory movement. The arrangement according to Fig. 5 is 
similar to that shown in Figs, 1 and 2 ex 
cepting that in the present example the stylus 
21 is fixed to a vibratable coil 22. The pole 
shoes 8 and 9 are balanced as in Fig. 1 and 
Support, by means of a bridge piece 23 of 
non-magnetic material, a cylindrical or 
spherical core 24. The coil 22 is pivoted upon 
the core 24, so as to be capable of vibration 
about an axis, perpendicular to the plane of 
the paper, through the point 25. Damping 
means 19 are carried upon the pole-shoes 
and bear upon the sides of the stylus sup 
port 25. - 
In this example the flux from the magnet 

1 passes through three relatively movable 
parts namely the pole-shoes 8 and 9 and the 
core 24, which are movable relatively to the 
magnet 1, and the coil 22 which is capable 
of vibrating relatively to the pole-shoes and 
core and relatively to the magnet 1. 
The examples given are only a few of the 

very many possible forms which the inven 
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tion may take. Other known electromagnetic 
systems may be used in conjunction with the 
invention and the mechanical details are also 
capable of wide variation. As used in the 
claims, the term “sound record’” includes an 
uncut element as well as one carrying Sound 
grooves. - 

I claim: 
electrical vibrations and a sound record 
through the medium of a magnetic flux, com 
prising more than two relatively movable 
components, one of which is adapted to vi 
brate in engagement with said record, each 
of said remaining relatively movable com 
ponents forming a part of the path of the 
magnetic flux which passes through the vi 
brating component. 

2. Apparatus for the inter-conversion of 
electrical vibrations and a sound record 
through the medium of a magnetic flux, com 
prising a plurality of elements forming parts 
of the magnetic circuit, one of said elements 
being adapted for movement in One plane 
only relative to the record, and another of 
said elements being adapted to engage direct 
ly the surface of the record for vibratory 
movement and being mounted independently 
of and for bodily movement relative to said 
element having movement in a single plane. 

3. Apparatus for the inter-conversion of 
electrical vibrations and a sound record 
through the medium of a magnetic flux, com 
prising a plurality of components forming 
parts of the magnetic circuit, one of said com 
ponents being mounted independently of a 
second component and said first component 
being adapted to engage directly the surface 

1. Apparatus for the inter-conversion of 

of the record for vibratory movement and to 
rise and fall bodily with said surface rela 
tively to said second component. 

4. Apparatus for the inter-conversion of 
electrical vibrations. and a sound record 
through the medium of a magnetic flux, a plu 
rality of components forming parts of the 
magnetic circuit one of which components is 
immovable in a plane at right angles to the 
surface of said record, and another of which 
components is adapted to engage directly the 
surface of the record for vibratory move 
ment and to rise and fall bodily with said 
surface relative to said immovable com 
ponent. - . . - 

5. Apparatus as claimed in claim 1, where 
in said components comprise a magnet, pole 
shoes co-operating with said magnet and a 
vibrating armature. 

6. Apparatus of the class described com 
prising, in combination with a record, a plu 
rality of elements forming parts of a mag 
netic circuit, said elements including a mag 
net mounted so as to be capable of swinging 
about an axis perpendicular to said record 
surface, the remaining elements comprising 
pole-shoes mounted for movement in a plane 
perpendicular to said record surface and be 
tween the poles of said magnet and a vibra 
tory member mounted upon said pole shoes 

80 

90 

95 
and adapted to vibrate freely between them. 

7. in apparatus as claimed in claim 6, a 
stylus carried upon said vibratory member. 

8. In apparatus as claimed in claim 1, a 
stylus carried upon said vibratory compo 
nent and said vibratory component being 
formed of magnetic material. 

9. In apparatus as claimed in claim 1, a 
stylus carried upon said vibratory compo 
nent and Said vibratory component being 
formed as a longitudinally slotted tube of 
magnetic material. 

10. Apparatus for the inter-conversion of 
electrical vibrations and a sound record 
through the medium of a magnetic flux com 
prising a magnet mounted to Swing about an 
axis perpendicular to the record surface, and 
a coil and vibrating armature mounted for 
movement in a plane perpendicular to the 
record surface between the poles of said mag 
net, said armature being freely vibratable 
with respect to said poles. 

11. Apparatus for the inter-conversion of 
electrical vibrations and a sound record 
through the medium of a magnetic flux com 
prising a magnet mounted to Swing about an 
axis perpendicular to the record surface, a 
coil positioned in the magnetic field of said 
magnet, and a vibrating armature mounted 
independently of said magnet for movement 
in a plane perpendicular to the record surface 
between the poles of said magnet, said arma 
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ture being freely vibratable with respect to 
said poles. 

12. Apparatus as claimed in claim 4 where 
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in one of said components includes a magnet 
and the other of said components includes a 
stylus-receiving device operatively connected 
to a movable coil. 

13. Apparatus as claimed in claim 4 where 
in the last mentioned component includes a 
vibratory.armature and damping means as 
sociated with said armature. 

In testimony whereof I have signed my 
name to this specification. 

BRENCHLEY ERNEST GEORGE MITTELL, 
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