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My 1avention relates to sound recording and
reproducing systems and more particularly to
magnetic recorders and reproducers known as
telegraphones in which, as is well known, the sig-
nals are recorded by varying the magnetic con-
dition of a moving magnetic member and are
reproduced by causing such g magnetized mem-
ber to vary the induction in a suitable translat-
ing device,

The object of my invention is to provide a novel
method and apparatus of this kind and in gen-
eral to improve the operation of such a recording
and reproducing system.

While magnetic recorders and reproducers are
old and well known, they have never been used
comtuercially to an extent comparable to the use
of phonographs or film recording. There are a
numbper of reasons for this, the more important
of which are probably due o the fact that satis-
factory quality of reproduction and satisfactory
Iength of duration of the recorded program was
possible only with quite voluminous apparatus
using 2 large amount of magnetic wire and tape
which occupied considerable storage space com-
pared to other methods of recording such as film
or phenograph. dise. .

In accordance with the general features of this
invention. certain engineering requirements sre
necessary regarding the size and general arrange-
ment of the elements used with particular ref-
erence to the size of the wire. It is required that
the wire be sufficiently large to provide at each
instant a magnetic moment that is capable of
overriding the spurious magnetic moments gen-
erated by a stray extraneous field and that is
sufficiently large so that its statistical fluctua-
tions are small in comparison. It has been

“demonstrated that these requirements can be met
by extremely thin wire of the order of ¥og0 of an
inch thick and it has been demonstrated that
the use of such’ wire offers numerous important
advantages, the main one of which is compactness
of the storing mechanism and consequent adapt-
ability of this system to the recording of long

continuous messages. It has been demonstrated '

that-the limit to.the thinness of the wire used is

not caused by ¢lectric or magnetic considerations,

but is due to theé mechanical difficulties involved
.in the handling and threading of the extremely
“thin wire. o : :

An important feature- of my invention consists
in providing a removable and-compact cartridge
type ‘container which will include the magnetic
wire in combination with a windihg mechanism
and the element for impressing a magnetic field
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upon the wire. 1 propose to use wire of extremely
small diameter and to provide a container that
is dust tight and permanently enclosed. 'The
wire contained in it is intended to be used over
and over again without removing the wire from
the container and without ever rethreading the
wire through the recording head and the erasing
head. The advantage of this arrangement is
that an extremely long message can be recorded
and stored within a single magazine having rela-
tively small dimensions. For example, in a maga-
zine of 3"’ by 7'’ by 1’* dimensions, it is possible
by using the principle of my invention to record
& message lasting one-half hour. This is more

3 economical of space than any prior arrangement

of magnetic recording and actually compares
very favorably with the most economical re-
cording means, such as recording on film or re-
cording on a phonograph disc.

In particular, this invention deais with a mech-
anism for driving the wire at s constant lineal
speed and with a mechanism for storing long
length of the wire on a spool. In the past great
difficulty was encountered in providing a mech-
anisim for accomplishing the above ends which
was alsc adaptable to frequent starts, stops and

_reversals. The uisual mechanism provided in the
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past counsisted of two Spools, the ene driven by
& motor and the other provided with a brake.
In a mechanism of this sort the wire was unreeled
from the spool provided with the brake (Which we
can refer ¢c as spoocl A) past the recording or
reproducing head and then was reeled onto the
5pool driven by the motor (spool B). When it
became desirable to stop and reverse’ (as, for
example, in a dictaphone where it is frequently
desired to listen to passages that have just been
dictated) it was necessary to remove the braking
mechanism from spool A and to engage this spool
with the motor driven mechanism and at the
same time to provide a braking mechanism for
spool B. This necessarily required a fairly com-
plicated and cumbersome mechanical arrange-
ment which  usually employed disengaging
clutches and the like. In general, it has. been
found that mechanisms of this sort were not con-
veniently adaptable to uses where frequent stop-

" ping and reversing were required. . -

50
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In a - pending application of mine, entitle
“Combined recorder and reproducér,” filed Feb-
ruary 18, 1943, Serial No. 476,368, a novel system’
of magnetic recording is described and claimed.
This application is also directed to a new system
of magnetic recording, and to a.novel combina-
tion of elements employed ‘therewith,
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1t is an object of the present invention to pro-
vide a novel apparatus for magnetic recording
and reproduction. .

1t is another object of my invention to provide
a novel means for driving the wire where almost
instantaneous reversals are possible without any
mechanical components whatsoever. All that is
required is a reversible motor.

Whereas, in the usual arrangement the fuil
spool is usually on one shaft and the empty spool
on a separate shaft and the wire is going from
one spool to another, in my arrangement the
empty and full spools are on the same shaft
mounted coaxially with the wire passing over a
_drive pulley which I shall hereinafter refer to
as the capstan.

It is another object of my invention to provide
a magnetic recorder and reproducer a remov-
able and compact cartridge type container which
will include the magnetic wire in combination
with a winding mechanism and an element for
impressing a magnetic field upon the wire.

It is another object of my invention to provide
a.mechanism for driving the wire at a constant
lineal speed.

1t is another object of my invention to provide
at any instant a visual indication of the amount
of the wire that has already received the mag-
netic impressions of the signals to be recorded.

Tt is another object of my invention to provide
a mechanism for automatically stopping the drive
pulley when the winding or the unwinding proc-
ess has been completed.

Further objects of my invention wiil become
apparent from the following description of my
invention taken in connection with the accom-
panying drawings, in which:

Fig. 1 shows an exterior view of the speech
recording and reproducing device.

. Fig. 2 shows an exterior view of the removable
magazine which constitutes one of the elements
of the device illustrated in Fig. 1.

Fig, 3 shows diagrammatically the mechanism
for driving the wire and the general wiring dia-
gram of the magnetic recorder and reproducer.

Fig. 4a and Fig. 4b show two different views
of the removable cartridge,

Pig. 5 shows diagrammatically certain relation-
ships involving the inclination of the shaft of
the storage spools with respect to the shaft of
the drive pulley. :

Fig, 6 shows a mechanism for stopping the
drive pulley when the magnetic wire has com-
pleted its travel.

Referring now more particularly to the draw-
ings, Fig. 1 illustrates the general exterior view
of the magnetic recorder and reproducer con-
structed in accordance with the teachings of the
present invention. All the essential component
parts of my recorder and reproducer with the
exception of the source of power are contained
in the single unit illustrated. This unit includes
a housing member or master unit 10 and an ele-
ment {1, hereafter designated as “removable
magazine,” said removable magazine containing
the magnetic wire in combination with a winding
mechanism. and elements for recording, repro-
ducing, or erasing the magnetic field from the
wire. The housing member contains all the re-
maining components of the magnetic recorder
- and reproducer, such as & driving means, a loud-
speaker, electrical circuits for connecting the
loud-speaker to said eléments, etc. The hous-
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ing 10 is provided with a base 12, a top wall {3,

and a front panel (4. The front panel 4 in-
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cludes- a loud-speaker 1§ and various switches
used in controlling the apparatus.

Fig. 2 represents a view of the removable mag-
azine showing pings 10la, 102a, 84a, Bia and a
clutch member 28, The plugs and the clutch
member are arranged to make the proper elec-
trical and mechanical connection required be-
tween the removable magazine and the master
unit shown on Fig. 1 and are arranged to couple
the two units with the required mechanical rigid-
ity so that when in place, the magazine {1 be-
comes an integral part of the whole mechanism.
- The arrangement {llustrated in Fig. 3 shows
again the removable magazine i, plugs 10iq,
102a, 84a, 8ia, and the clutch member 20. The
removable magazine contains two spools 25 and
26 which are provided with a record carrier, i. e,
a steel wire or tape 21, for example, in such a
manner that this wire or the like can be wound
from one spool onto the other and then be re-
wound, as is customary with telegraphones and
like devices. The spools 25, 26 are adapted to
be driven in either direction by a drive pulley
or a capstan 28 mounted upon a shaft 29. Con-
sequently, the wire is wound back and forth
from one reel to the other depending upon the
desired direction of operation. If a recording
is to be made, the wire is wound off the spool 25
and on to spool 26. The same direction is used
for reproducing a recording on the wire. Be-
tween the making of a recording, and the repro-
duction of that recording, the wire may be re-
wound on spool 25 and unwound from spool 26
to the extent of the length of the recording, and
then the apparatus may be started again in the
forward direction for purposes of reproduction.

Assuming that the wire is being wound from
spool 25 to spool 26 in the direction of recording
and reproduction, the wire passes through an
erasing or demagnetizing head 30 and through a
magnetic recording head 3{; then through the
capstan 28 and onto the spool 26.

If a recording is already on the wire as it
travels in the above manner during the making
of a new recording, the previous recording will
be erased by the demagnetizing head 38, and the
wire will be magnetized in accordance with the
new recording as it passes through the recording
head 31. If a reproduction is being made as the
wire travels from reel 25 to reel 26, the demag-
netizing head 36 is cut out of service, and the
recording may be audibly repreduced.

The shaft 29 carries a clutch member 20.
When the removable magazine {1 is inserted into
the main housing 10, the clutch member 28 be-
comes engaged into the shaft 60 of the motor
32, said motor being located in the main hous-
ing outside of the removable magazine {1. The
motor 32 may be of the D. C. type and is pro-
vided with an armature 33 and an excitation
winding 34. The armature 33 is supplied with
electrical energy from a battery 35 and the exci-
tation winding 34 is supplied with electrical en-
ergy from a battery 36 through a reversing
switch 31. By means of the reversing switch 317
the motor 32 is arranged to rotate at will in the
normal or in the reverse direction. When if
is desired to record speech upon the wire 21, or
to reproduce speech from the wire 21, the motor
32 is made to rotate in the normal direction and
causes the wire, to be unwound from the reel 25
and wound upon the reel 26. When, however,
it is desired to rewind the wire upon the spool
25 and to unwind from the spool 26, the motor 32
is arranged to rotate in the reverse direction.
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The spools 26 and 26 are free to rotate on the
shaft 45 which serves merely as a support for
the spools. Shaft 45 is not driven in any man-
ner but is stationary and the spools are free to
rotate on this shaft. Spool 25 is Joined to spool
26 through a helical spring 50. The purpose of
the spring 50 is to provide tension to wire 27. In
operation the spring %0 is winding up so as to
provide torsion between spools 2§ and 26. The
* direction of the torsion is such as to tend to wind
the wire -onto spools 25 and 26. The direction
of torque exerted by the spring is shown by the
arrows C and D. It can be seen therefore that
the spring 50 keeps the wire 27 taut and fairly
pressed against the capstan 28. Therefore, when
the ‘motor 32 rotates, it turns the capstan 28
and the wire is driven. It can be seen that as
the wire is driven, it winds onto one of the spools
and off the.other spool. The action actually is
as follows: Assume that the motor 32 drives
the capstan 28 in the. direction indicated by the
arrow E. The wire will be pulled off of spool

" 25 as shown by the arrow F, and the wire wili

be pulled onto spool 26 by the tension of the
- helical spring 50. Similarly, should the motor
turn in the opposite direction the wire will be re-
moved. from spool 26 and wound .onto spool 25
due to tension of spring §0. It should be noted
that for small lengths of wire the effective di-

ameters ‘of spools 25 and 26 can be considered

equal and therefore the angular velocity of the
spools. will also be equal.: Consequently, -the

spring 50 is in effect being “wound up” and “un- -

wound”. at the same rate. - When the lengths of
the -wire become appreciable, ‘the “full” spool
will have a diameter-somewhat larger than the

+ “empty’’'spoo] and, therefore, there is a tendency .
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master unit 10, numerals {0la, 104b designate
the plugs used to connect and disconnect the
erasing coil 80 with the apparatus located with-
in the master unit (0, and numerals 84q, B84b
and 81q, 810 designate plugs to connect the cir-
cuit for supplying the current to the armature
of the motor 32 and arranged in such 8 manner
that this supply stops when the winding or the
unwinding process has been completed. Another
important part of the system is the switch ar-
rangement which consists of the double pole
switches 103, 104, 105, 106 and 107.  All of these
switches are arranged to be controlled by a single
lever so that when the lever is in the “record”
bosition the switches 103 to 107 are all in the
“up” position as indicated by the solid arrows
in Fig. 3. When this switch is placed into the
“reproduce” position ‘all the switches are in the
“down” position which corresponds to the dotted
lines shown on PFig. 3. When this switch is
either in the “record” or ‘“reproduce” position.
the corresponding reversing switch 37 is in such
a position as to cause the motor 32 to unwind
the wire-from the spool 25 and to wind the wire
upon the spool 26.. The alternate position of
the reversing switch 87 causes the “rewinding”
of the spools and then the switching arrange-
ment for actuating the recording or reproduc-
Ing process is disconnected. Assume now that
the switching arrangement is in the “‘up” posi~
tion indicated by the solid arrows and with fur-

- ther reference to Fig. 3 the opéeration is as fol-
- lows: Co

- to wind the spring 80. It is necessary therefore
- ‘when long ‘lengths of wire are being handled . .

© to provide a spring 50 which can store many.

. revolutions. Furthermore, it is clear that in
order to provide uniform winding of the wire on
the spools it is necessary to provide guides that
will layer wind the wire uniformly.

As shown in Fig. 3, the wire 2T is arranged to
pass from the spool 25 .to the capstan 28 through
the erasing head 30 and through the recording
head 31. The erasing head 30 consists essen-
tially of a coil of wire wound on an axis coinci-
dent with the axis of a small eylindrical hole

- 81 through which the wire passes. The winding
~of the erasing head is wound on a bobbin which
is preferably made of Bakelite or wood or some
‘other non-magnetic ‘material. T |
head 31 consists of a high.permeability core 52

. which is made of a series of thin laminsations

Insulated one from the other. . The winding of
the recording head is woind around an axis
... .that coincides with the position occupied by the
. - wire 2T as it passes through the hole 53 provided
- in the high permeability core 52,

An important part: of the arrangement illus-

trated in Fig. 3 is the provision of the plugs

+ - which are arranged to connect and disconnect
' :the apparatus housed within. the magazine (|

40

- Sound waves impinge upon the electrodynamic
loud-speaker 5. This loud-speaker is arranged
to. operate satisfactorily either as a loud-speaker

- or as a microphone.” When it operates as g mi-

crophone the sound waves:impinge upon the dia-
phragm and cause motions-in the.electrodynamic
transducing mechanism ‘which generate electrical

.. currents that are representative  of the sound’

45
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The recording -
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~from’ the apparatus housing within the master -

~ - unit 10. The plugs designated by the numerals

101a, 102a, B4a, and 81a are securely connected

to the wall of the. remiovable magazine {i and
‘are Insertable into the.corresponding plugs of
‘the housing 10 that are designated by the nu-
- merals. 101b, 1020, 84b, 810, respectively,. Nu-

merals 102a, 102b designate plugs which are ar-

ranged to connect and disconnect the recording
head 31 and the apparatus located within the

70
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‘waves. Usually, when a-loud-speaker is gperated

in this manner, i. e, as a microphone, its fre-
quency characteristic is unsatisfactory and re-
quires equalization in order to improve the qual-
ity of the reproduced sound. Therefore, in Fig.
3 the speech currents generated by the loud-
speaker 15 are impressed through the switch 103
on an equalizer 108 which serves to improve the
quality of reproduction in. a manner that is well
known in the art. ~ After passing through the
equalizer the speech currents are impressed
through the switch 104 on to the amplifier 0.
The output of the amplifier is impressed through
the switches 105 and 106 -and the plugs, 102b,
102¢ on to the recording head'3!. In the record-
ing head alternating magnetic- fields are im-

‘Pressed.upon the wire 27 which are a reasonably

exact facsimile of the sound waves that original-
ly impinged upon the diaphragm of the loud-
speaker {5. Before the wire 27 passes through

-, the recording head 31 it is demagnetized by pass-
ing through the demagnetizing coil 30. This de-.

magnetizing coil is energized with.a high fre-
quency alternating current which is generated by
the oscillator 114 and which is impressed on the
demagnetizing coil through the.switch (07 and
the plugs 1015, 10ta. Inthe srrangement shown
(switches in the “up” position) the wire 27 there-
fore is demagnetized first in the coil 30 and then
passes through the recording head 31 in which
alternate magnetic field is generated which rep-
resents the speech,- _ ' :
Assume now that the switch is in the down po-
sition, 1. e., the switches 103, 104, 105, 106, 107
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occupy the position shown by the dotted lines cn
Fig. 3. ‘'This corresponds to the “reproduce” con-
dition and the operation of the circuit is as
follows: .

The oscillator 114 is now disconnected from the
erasing coil 30 and the erasing coil therefore is
not energized and the wire in passing there-
through retains whatever magnetism that existed
in it. The wire now passes through the recording
head 3! which responds to the magnetic field gen-
erated by the wire and produces & voltage across
the winding of the recording head which is ap-
proximately proportional to the rate of change
of the magnetic flux. The voltage Is impressed
across the plugs §02a, 102b and -through the
switch {86 is impressed across the terminals of
the equsalizer $28., This equelizer serves essen-
tially as an “integrator,” such gan integrator has
been previously described in U. S. Patent No.
2,099,536 ané reference .is made thereto. The
purpose of this integrator is to produce g voltage
at its output which is substantially proportional
to the integral of the input and consequentiy
which is substantially proportional to the flux

generated in the recording head 3i rather than .

to the rate of change of flux therein. The output
of the equalizer 120 is impressed through the
switch 104 onto the input of amplifier 110 and the
output of the amplifier 118 is connected to the
switch 105 and {03 onto the loud speaker 1§ which
is arranged to transduce the electric current into
audible sound. The operation of the circuit
therefore is such that the loud speaker 15 gener-
ates a sound which is substantially a facsimile of
the magnetic flux generated in the recording
head 35. :

10

. v g .
belance this tendency, the shaft 28 Is inclined
with respect to the shaft 45 by an angle « (as
shown in Fig. 5), said angle being such that

d
tan a—l—)

Then the frictional forces that are developed be-~
cause of the pressure of the wire 27 upon the pe-
riphery of the capstan 28 are largely tangential
and there is no force tending to modify the in-
clination « between the shafts 29 and 85. It is
therefore seen that since it is desired to carry

. the wire over from o position which is substan-

15

30

tially in line with the other spool, sa inclination
between the axis of the capstan 28 and the axis
of the spools 25, 26 is desirable,

The shaft 85 is slidably supported in bearings
268 and 209 so that the shaft 45 bears against a
cam mechanism and against cam 2§80, Cam 2{0
is arranged to rotate at an appropriate very iow
speed through the gear train 2i4. Cam 2!0 is
arranged so as to shift the spools 25 and 26 as
a unit back and forth as shown by arrow G. The
purpose of this cyelic sliding is to provide a “level
wind.,” It ean be seen that since the wire has to
be wound in & series of layers it is necessary to
guide the wire with respect to the pulleys. Obvi-
ously, this can be achieved by allowing the wire
to remain in g fixed position and move the pulleys
instead. The wire 27, the erasing head 30 and
the recording head 3t are not shown in Fig. 4a

" and Fig. 4b.

15

Fig. 4a¢ and Fig. 4b show two different views of

the removable magazine in g modified form. The
removable magazine i1 is here arranged to be re-
moved from or attached to the main housing of
the magnetic recorder i0 by means of the screw
arrangement which is actuated by handle 202.
The spools that have been described previously
are indicated by numerals 25 and 26. ‘The heli-
cal spring which was referred to as numeral 80
in Pig. 3 in this arrangement is inside the spools.
The spools-25 and 26 are hollow and are arranged
so as to house the helical spring inside their hol-
low spaces and is therefore not shown in Fig, 4a
and Fig, 4b. The action of the helical spring,
however, is identical to the action described in
Fig. 3 and the spools 25 and 26 are arranged to
exert torque one with respect to the other. The
capstan is shown as numeral 28 and is mounted
on shaft 29, while the spools 25 and 26 are mount-
ed on the shaft 45. The axis of the shaft 29 is
inclined with respect to the shaft 45 in order to
facilitate the smooth level winding on the spools.
This axial inclination is shown in Fig. 4b and can
be understood better with reference to Fig. 5.
Assume that the diameter of each spool is D and
its thickness is d and assume also that both spools
are immediately adjacent one to the other. Let
KL and MN represent two planes bisecting the
spools 25, 26 which for the purpose of our dis-
cussion can be considered as the planes of the
spools 25 and 26, respectively. It can be readily
visualized that if the capstan 28 were parallel
to the snools 25, 26 the magnetic wire frictionally
envaged upon the periphery of the capstan would
tend to incline the shaft 29 of the capstan with
respect to the shaft 45 of the spools, and this
tendency would be stronger if the thickness d
of the spools is larger. In order to counter-

46

a0

L 1]

L]

It is important to point out that the mechanical
arrangement for handling very Ilong lengths
(sometimes many miles) of extremely fine wire
is of very great importance in magnetic record-
ing. Difficulties have been encouniered in the
past in conventional arrangements employing
brakes since most of these brakes use mechanical
friction. It is well known that the friction co-
efficient between two solid bodies is an unreliable
quantity which varies tremendously with the
speed of motion and by slight impurities along
the surfaces. Very small quantities of liquid such
as oil or water produce changes, and, in mag-
netic recorders of the prior art, difficulty was en-
countered due to condensation of atmospheric.
moisture on the brake surfaces. Any substantial
change in the coefficient of friction would tend
to rupture the wire. In the arrangement de-
scribed in this invention the force of the wire is
entirely determined by the properties of the
helical spring §8 in connection with Fig. 3. The
tension on the wire, therefore, is not afiected by .
any such variable influences as frictional co-
efficients, Furthermore, when stopping, start-
ing and reversing, no mechanical clutches and
the like are engaged or disengaged, and this again
obviates the possibility of any sudden forces be-
ing exerted on the wire. The external influence
exerted on the wire is by means of the capstan.
The motion of the wire when driven by the cap-
stan is uniform and smooth because the diameter

- of the capstan is constant. In the prior arrange-

70

ments the diameter of the driven spool would
constantly change as wire was wound upon it, and
furthermore, if the winding of the wire were not
absolutely uniform, the diameter would vary sud-
denly and exert jerks upon the wire which would
be very objectionable, especially in reproducing
music where absolute uniformity of speed is
necessary for good quality. Because of the ad-

" vantages just described the arrangement of this

invention permits the employment of finer wire

75 than was employed in any previous arrange-
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9
ments. The finest wire employed in magnetic
recording prior to the invention of my arrange-
ment was .004"” and with this diameter occasional
ruptures oceurred. - A model of a magnetic re-
corder employing the capstan drive described in
this-invention uses wire of only .002’’ in diameter

and not only have no ruptures occurred, but it -

has turned out to be impossible to cause a break
in the wire by any external means.

Also connected to the shaft 29 of the capstan

28 is a counter mechanism 16 which indicates the

length of a portion of the record medium 21 that

- has passed through the recording or reproducing

head 31. By means of such a counter mechanism

the speaking person may be able to ascertain how

long the machine will still be able to record, that

is, to ascertain the length of that piece of .steel

wire or tape which is still available for record-

ing. 'With referénce to this arrangement. it can

- be.pointed out the wire moyes in strict synchro-

- . -nism with the capstan 28 and since the diameter -

"-of the capstan wheel is constant, the length of

10

~ the wire: that has been wound by the capstan is
rigorously determined by the number of revolu- -

tions of the..capstan shaft 20. The counter 16

" provides. therefore an accurate indication of the

length of wire that has traversed through the re-

cording or reproducing head. - , ,
- An important feature of my invention consists

in the provision of means by which the motor 32 .

automatically stops when the wire 27 has reacheq
- the-end of its travel,” Stch a situation may occur

. twice, 1."e,; at the end of the recording or repro- -

25

" ducing proeess, when-the spool 25 is completely.

- _-unwound and -the :5pool 26 s ‘completely wound,

.. .-Or at the end of the rewlnding process when the’
* apparatus is run backwards. . Under the latter -

_ ‘condition"the spool- 26 is completely unwound,

- -and the spool 25'is completely'wound. The gear. .

. ing ratio “is ‘such.‘that.-under both conditions,

Cg e, at-the ‘end of the recording or reproducing
" - process, or.at-the end of the rewinding process

‘the revolution counter indicates the digit zero on

» ' all its cylinders and, at this instant it is desired

. ‘to stop the motor 32.: I am accomplishing the
above purpose by making ‘the following provi-
. The revolution counter i6-is of a conventional

-provided with a metallic casing 10 having a main

shaft 13 and having mounted thereon the counter °

cylinders 16a, 76, 18¢c, etc. The external ‘sur-
- faces of the cylinders are provided with a suc-
cession of digits. The shaft 13 is coupled to the
shaft 29 by means. of a°gear system:71. . Thus,

" :.t6-a complete revolution -of the shaft 29 and of

~the capstan 28, corresponds an increment of 1

. in the number indicated by the counter. The .

10
the end of the recording or reproducing process,
or at the end of the rewinding process.

As shown in Fig. 3 and Fig. 6, the outer casing
10 of the revolution counter 18 is electrically con-
nected by means of the wire 80 to g plug 8la.
When- the casing 1 enters into the housing (0,
the plug 8la becomes inserted into & plug 81b,
said plug 81b being connected to ground. In the

" bresent description the ground indicatés sym-

bolically the outer metallic wall of the housing
i0. Consequently, upon the insertion of the re-
movable magazine 1 into the housing 10, the
walls 70 of the revolution counter 6 are elec-
trically connected to the outer metallic wall of
the housing 10.

The brush 18 is mechanically supported by
means of the metallic spring 19 to the metallic
spring holder 82. Furthermore, the brush 18 is
electrically .connected through the wire 83 to a
plug 84a. When the casing I{ enters into the
housing 10, the plug 84a becomes inserted into a
plug 84b, said plug 84b being connected to one of
the terminals of the armature 33, the other ter~

:minal of the armature being connected through

‘the battery 35 to the ground, 1. e., to the outer

- ‘metallic well of the housing 10.

* ‘From inspection of Fig. 3 and Fig. 6 it becomes
apparent that whenever the winding or unwind-

. ing process of the spools 25; 26 takes place and has
‘not reached its completion; the armature 33 of

the motor 32 is continually energized by the bat-
tery 35, since one terminal 6f the armature is o
connected to the battery directly and the other

terminal of the armature is connected- to: the

35 battery through the plugs 84a, 84D, wire 83, brush
18, metallic digit elements, the body of the ¢yl
- inder 76, the wall 70 of the revolution. counter,

- -wire 80, plugs 8ia, 81b and through the ground

40

‘connection. — Therefore, under these circim-
stances, the -motor 32 is kept running and its
direction is determined by the position ‘of the re-

" versing switch 37. As soon, however, as the brush

45

enters into contact with the insulator digit ele-
ment representing numeral two at.the end of the
recording, reproducing or rewinding process, this
connection is automatically. interrupted and the

. motor 32 stops.

. design and as shown in Fig. 3 and Fig. 6, it is. =

. It is therefore apparent that I have provided a
system for automatically stopping the motor 32
as soon as the wire 27 has reached the end of its

* . travel, thus preventing a breakage of the wire,

cylinder indicating the digit of the highest order- .

is provided with a commutator arrangement and
a stationary metallic brush 78 is arranged to press

‘against this cylinder .under the action ‘of " the -

G0

- It is apparent.that after the motor circuit is
Interrupted and the motor stops because of the

-automatic.means just described, it will be neces-

sary to re-establish the motor. .circuit momen-
tarily in order to start it again. It is necessary

- therefore to. provide a switch that can be -op~

erated manually in form of a push button and

which will bridge the Instlating segment repre-
sented by the digit two on the counter drum 76a.

This manual switch s represented by the nu-

::spring 19; one‘end ‘of sald spring being secured

“to-ap appropriate spring holder.82. All the digit
-elements on the cylinder 18a are metallic with

- -the’exception:of the digit element representing 3

- the numeral. two, and consequently, they are’ in
-;.an’electrical contact:with the shaft 13 and with
" the wall 70. -'The: digit element: that represents
-the numeral.two-is made of ‘an ‘insulating-ma-~
-terfal. ‘The arrangement; furthermore, is .such
“:that when the digit:0 is opposite the window .of
" the counter, the digit.2 Is. opposite the brush, . It
"-is apparent.that the insulating digit element rep-~
resenting the digit two. comes. in front of the

-metallic brush 78 only at two instances, 1. e, at

-meral 85 on Fig. 1, Fig. 3, and Fg. 6.
-... 'The above described mechanism,
. 'be appreciated by those skilled in

as will readily
; the art, is an’
extremely compact and rugged equipment for re-
cording and reproduction of sound vibrations. It

' Is essentially-a combination of, two features, one
. of which resides in the particular drive mecha-

“nism herein disclosed, and the other feature con.

sists in the use of a single struétural unit in form

+ of a removable magazine that includes the wire:
--and spools and .the recording head, all inclosed
 within a single dust-tight case and provided with

clutches connected to the spools and electrical
plugs connected to the recording head. Because




2,477,146

[

in the arrangement above described the record-
ing head is inseparable from the wire, I have been
able to provide s very small clearance between
the size of the hole in the recording head and the
size of the wire passing through it, and the com-
plete shielding of the wire in the recording head
in all regions except the region within the air
gap.

While I have shown a particular embodiment of
my invention, it will, of course, be understcod that
I do not wish to be limited thereto, since many
modifications may be made and I, therefore, con-
template by the appended claims te cover. all
such modifications as fall within the true spirit
and scope of my invention.

Iclajim: ]

1, In a magnetic recorder and reproducer, two
storage spools mounted on the same shaft in side-
by-side relationship, a driving spool mounted on
another shaft conveniently distant from said first
shaft, a recording wire frictionally engaged with
the periphery of said driving spool and adapted
to be wound or unwound upon either of said stor-
age spools, an elastic member wound around said
first-named shaft between said two spools and
connecting said two storage spools to exert a
torque upon said storage spools whereby said wire
is kept constantly taut and pressed against the
periphery of said driving spool, a reversible motor
drivably connected with ssid other shaft, and a
control mechanism for causing said motor to ro-
tate in a clockwise or anticlockwise direction for
controlling the motion of the recording wire from
one storage spool to the other storage spool or
vice versa. . :

2, In a reeling system for a reelable magnetic
record, a plurality of reels mounted in side-by-
side relationship for independent rotation about
a common axis, guide means spaced from said
reels and over which said record is adapted to run
from one reel to another, and spring means con-
necting said reels in torque transfer relation
whereby said reelable record is kept constantly
taut against said guide means regardless of varia-
tions in the effective diameters of said reels re-
sulting from variations in the quantity of reelable
record on said reels during said run.

3. In apparatus of the character described, a
plurality of reels mounted in side-by-side rela-
tionship for indépendent rotation about a com-
mon axis, a magnetic-wire record secured at one
end to one of said reels and at its opposite end
to another of said reels whereby upon rotation
of said reels in a common direction said wire
will be wound on one reel while being unwound
from the other, guide means spaced from said
reels and around which said wire is adapted to

‘run in its journey from one reel to the other,
a spiral spring wound about said common axis
and connected adjacent to its opposite ends to
respective ones of said reels whereby any slack
in said wire is taken up and said wire is kept

. constantly taut against said guide means irre-
spective of the direction of rotation of said reels,
and means adapted to rotate said reels in a
selected common direction.

4, A telegraphone-record cartridge comprising

a casing containing a hollow reel having an axis
of rotation, a second hollow reel mounted for
independent rotation about said axis adjacent to

said first mentioned reel with the hollow portions
of said reels arranged to form a chamber com-
mon to said reels, a flexible magnetic record se-
cured at one end to one of said reels and at its
opposite end to another of said reels whereby upon
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rotation of said reels in a common direction
said record will be wound on one reel while being
unwound from the other, guide means spaced
from said reels and around which said wire is
adapted to run in its journey from one reel to
the other, and a spiral spring disposed about said
axis within said, chamber and connected adja-
cent to one of its ends to one of said reels and
adjacent to the other of its ends to the other
of said reels for tensioning said record against
said guide means regardless of variations in the
effective dlameters of said reels resulting from
variations in the quantity of said flexible rec-
ord on said reels during said run.

5. In a system for driving a reelable magnetic
record, a pair of reels for holding said record and
independently rotatable about a common axis of
rotation, rotatable guide and drive means spaced
radially from said axis of rotation and over which
said record is adapted to run from one of said
reels to the other, torque transfer means con-
necting said reels in torque transfer relationship
to effect relative rotation between said reels in
the proper direction to hold said record taut
against said guide means as the effective diame-
ters of said reels change during movement of
said record from one reel to the other, means
for rotating said guide and drive means at a
substantially constant speed, and camming means
driven by said last-named means in timed rela-
tionship with movement of said record for mov-
ing said reels longitudinally of said axis of rota-
tion to effect Ievel winding of said record on said
other reel.

6. Magnetic recording and reproducing appa-
ratus comprising a master unit provided with
magnetic record drive means, & record cartridge
detachably mountable upon said master unit and
comprising a casing, a pair of reels mounfed
within said casing to hold a magnetic record and
independently rotatable about a common axis of
rotation, a rotatable guide and drive element
mounted in said casing in radially spaced rela-
tionship to said axis of rotation and over which
said record is adapted to run from one of said
reels to the other, forque fransfer means con-
necting said reels in torque transfer relationship
to effect relative rotation between said reels in
the proper direction to hold sald record taut
against said element as the effective diameters of
said reels change during movement of said rec-
ord from said one reel to the other, means
mounted in said casing and detachably engage-
able with said drive means to rotate said element
at a substantially constant speed, camming means
in said master unit driven by said drive means
in timed relationship with movement of said rec-
ord from said one reel to the other, and means
including a shaft projecting through the wall of
said casing to engage said camming means and
rotatably supporting said reels for moving said
reels longitudinally of said axis of rotation to
effect level winding of said record on said other
reel. :

1. Magnetic recording and reproducing appa-
ratus comprising a master unit provided with
magnetic record drive means, a record cartridge

" detachably mounted dpon said master unit and

1]

comprising a casing, a pair of rotatable reels
mounted within said casing to hold a2 magnetic
record, means disposed within said casing and
including a part detachably engageable with said
drive means for unreeling said record from one
of said reels and reeling it up on the other reel,
a cam and cam follower assembly forming a part
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of the said master unit, said cam being driven
by said drive means to produce reciprocating
movement of said cam follower, and means within
sald casing actuated by said cam follower through
an opening in said casing for producing relative
movement between said record and said other

reel to effect level winding of said record on said

other reel.

8. In a reeling system for a reelable magnetic
record, a pair of reels mounted in side~by-side
relationship for independent rotation in either
direction about a common axis, guide means
spaced from said reels and over which said record

10

is adapted to run from either of said reels to the -

other, and a multi-revolution spring disposed be-
tween and connecting said reels in torque trans-
fer relation during & run of said record in either
direction between said reels, whereby said record
is kept constantly taut against said guide means
regardless of variations in the effective diameters
of said reels resulting from variations in the
quantity of reelable record on said reels during
said run.

9. In a reeling system for a reelable magnetic
record, a pair of reels mounted in side-by-side
relationship for independent rotation in either
direction about & common axis, at least one of
said reels having a recess therein opening toward
the other reel, guide means spaced from said
reels and over which said record is adapted to
run from either of said reels to the other, and a
multi-revolution spring at least partially dis-
Dosed in said recess and connecting said reels in
torque transfer relation during a run of said rec-
ord in either direction between said reels, where-
by said record is kept constantly taut against
said guide means regardless of variations in the
effective diameters of said reels resulting from
variations in the quantity of reelable record on
sald reels during said run.

10. In a system for driving a reelable magnetic
record, a pair of reels for holding said record and
independently rotatable about a common axis of
rotation, guide means spaced from said axis of
rotation and over which said record is adapted
to run from one of said reels to the other, torque
transfer means connecting said reels in torque
transfer relationship to effect relative rotation
between said reels in the proper direction to hold
said record taut against said guide means as the
effective diameters of sald reels change during
movement of sald record from one reel to the
other, means for moving said record between said
reels, and means including a cam driven by said
last-named means in timed relationship with
movement of sald record for moving sald reels
longitudinally of said axis of rotation to effect
level winding of said record on said other reel.

11. In apparatus of the character described, a
plurality of reels mounted for independent rota-
tion about a common axis, a magnetic-wire record
secured at one end to one of said reels and at its
opposite end to another of said reels whereby
upon rotation of said reels in a common direction
said wire will be wound on one reel while being
unwound from the other, guide means spaced
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from said reels and around which said wire is
adapted to run in its journey from one reel to
the other, a spiral spring wound about said com-
mon axis and connected adjacent to its opposite
ends to respective of said reels whereby any slack
in said wire is taken up and said wire is kept con-
stantly taut against said guide means irrespective
of the direction of rotation of said reels, and
means adapted to rotate sald reels in a selected
common direction,

12. In apparatus of the character described, a
hollow reel having an axis of rotation, a second
hollow reel mounted for independent rotation
about said axis adjacent to saild first mentioned
reel with the hollow portions of said reels ar-
ranged to form a chamber common to said reels, a
flexible magnetic record secured at one end to one
of said reels and at its opposite end to another
of said reels whereby upon rotation of said reels
in a common direction said record will be wound
on one reel while being unwound from the other,
guide means spaced from said reels and around
which said wire is adapted to run in its journey
from one reel to the other, and a spiral spring
disposed about said axis within said chamber and
connected adjacent to one of its ends to one of
said reels and adjacent to the other of its ends
to the other of said reels for tensioning said rec-
ord against said guide means regardless of varia-
tions in the effective diameters of said reels re-
sulting from variations in the quantity of said
flexible record on said reels during said run.

13. In a reeling system for a reelable magnetic
record, a plurality of reels mounted for independ-
ent rotation about a common axis, guide means
spaced from said reels and over which said record
is adapted to run from one reel to another, and
a spring directly connecting said reels whereby
said reelable record is kept constantly taut
against said guide means regardless of variations
in the effective diameters of said reels resulting
from variations in the quantity of reelable rec-
ord on said reels during said run.
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