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ABSTRACT: Nonerasable copy of a magnetic recording is 
made by applying to the recording movable magnetizable par 
ticles to cause them to be attracted by and arrangedin ac 
cordance with the stray ?elds ofthe recording, then ?xing the 
particles in position ‘with respect to each other, securing the 
?xed particlesto a separate backing and removing the backing 
with the particles therein from the recording. When the parti 
cles are applied a magnetic ?eld can also be impressed to 
render the magnetizing of the magnetizable particles more 
ideal, orvthe particles can be magnetized by cooling down 
from their Curie point. The application of a unidirectional 
magnetic ?eld whose lines of force are perpendicular to the 
surface ofthe recording will also prevent frequency doubling. 
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PROCESS FOR THE PRODUCTION OF MAGNETIC‘ 
TAPES WHICH CANNOT BE ERASED 

The invention relates to a process for the production of 
magnetic tapes with information which cannot be erased, the 
magnetizable particles being spatially arranged according to 
the magnetic ?eld of the information. 

It is a great advantage of magnetic recording members that 
the information recorded can be erased, so that the recording 
member can be used again. 
That advantage, however, excludes the use as documenta 

tion which can be used in evidence. The possibility of erasure 
is also undesired in connection with the ‘production of mag 
netic recordings of high quality. 

It is known to produce magnetic copies by playing back the 
original on a magnetic recording device, electrically coupling 
this device to a second recording device to copy the informa 
tion on another recording tape. This process is made more 
economical by increasing the speed of the tape and coupling 
several devices to one playback machine. 
Another copying process, the direct copying or printing 

process, makes use of the copying effect which is otherwise 
undesired in the magnetic tape art. A magnetic tape is laid on 
the magnetic recording member carrying the information to 
be copied (master tape). By the action of the magnetic stray 
?eld of the original recording, the copying tape is cor 
respondingly magnetized. The process is improved by using 
for the master tape a magnetic material with a high coercive 
force, while the copying tape has the usual coercive force of 
about 150 to 300 Oe. While in contact, a magnetic alternating 
?eld acts on the two tapes to improve the copying or printing 
action. 

Magnetic tapes are obtained by both processes which can 
be erased in principle without being mechanically destroyed. 
The ?rst mentioned process is very complicated and there 

fore uneconomical. With the direct copying process, the use 
of high alternating fields is restricted by the fact that the 
master tape may be partially erased. These two processes for 
the production of copies are at the present time economically 
inferior to the corresponding processes using disc records. 
Copying processes which lead to nonerasable magnetic co 

pies of acoustic information are not known. 
It is among the objects of the invention to provide a process 

for the production of magnetic copies which cannot be erased. 
We now have found that nonerasable magnetic copies of 

acoustic informations can be produced by arranging the densi 
ty distribution of magnetizable particles in a layer on the 
original recording tape in conformity with the stray ?eld of the 
original information. 
The following methods can, for example, be used for carry 

ing out the process according to the invention. 
. l. A suspension, consisting of magnetic particles and a 

liquid, which contains volatile and nonvolatile substances (eg 
a normal casting solution for a magnetizable layer) is applied 
to the original. 

Since the particles are initially still mobile, they follow the 
attraction of the magnetic stray ?eld of the original recording 
and are concentrated at the areas of highest ?eld intensity. 
The suspension then becomes solid (evaporation of the sol 

vent and drying). A carrier foil is now applied to the solidi?ed 
magnetic layer (by being cast, coated, stuck or sealed 
thereon). Thereafter, magnetic layer containing the copied in 
formation is separated from the element carrying the original 
information. lt is obvious that the liquid in which the mag 
netizable particles are suspended must not have any action on 
the magnetizable layer of the original. The same condition 
also applies to the process further discussed below under (2). 

In order to improve the separability of the copying layer 
from the original tape, the surface of the original can have ap 
plied thereto additional separating layers, for example, vapor‘ 
coated layers of SiO2, AI2O3 or other solid substances. 
Furthermore, layers of fats, waxes or synthetic ?lm-forming 
resins, for example, polymers of ?uorinated ethylenes, are 
suitable for this purpose. The same result is also attained by 
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2 
vapor-coated metal layers, for example, of aluminum. 
whereby a smoother surface of the copying tape is simultane 
ously obtained. 

For technical casting reasons, the suspension of the mag 
netizable pigments should not be too highly viscous. The mag 
netizable layer for the copies information can be produced 
and processed under similar conditions as used in the known 
manufacture of magnetizable layers. It is possible therefore to 
use binding agents which are similar to those normally em 
ployed for the production of common magnetizable layers, for 
example, nitrocellulose, polyvinylchloride, polyurethanes or 
the like. 

- 2. The magnetic particles are suspended in a liquid which 
completely vaporizes after being applied to the original. At the 
time of applying this suspension to the original, the magnetic 
particles are distributed in accordance with the magnetic stray 
?eld. The liquid vaporizes and the particles are retained by the 
magnetic forces on the element carrying the original informa 
tion. The binding agent, e.g. cellulose ester, is applied, which 
penetrates into the cavities remaining free between the parti 
cles and, which after solidi?cation allows the removal of a 
layer with the pattern of the magnetic particles according to 
the original information. This layer carrying the copied infor 
mation can be applied onto a suitable support. This process 
has the advantage that suspensions of very low viscosity can be 
used, which permit the copying of very small wavelengths. 

3. Dry processes are often desirable for the production of 
copies on a small scale. According to this embodiment of the 
invention, magnetic particles (e.g. 'y —Fe2O3, carbonyl iron 
and iron ?lings) are enclosed in a thermoplastic binder, which 
enables the individual granules to stick together upon slight 
heating. It is, for example, possible‘ to mix magnetic 'y —Fe20a 
with a thermoplastic resin the the warm state. This mixture is 
ground after cooling and in this way a gr'anulate is obtained 
consisting of the thermoplastic resin with the magnetizable 
particles distributed therein. In addition, thermoplastic 
granules are produced which contain no magnetic particles. A 
mixture of these granules is now applied to the original mag 
netic recording and the latter is gently shaken. The particles 
are arranged in accordance with the magnetic stray ?elds of 
the original information. Upon heating the granules melt or 
soften to form a layer containing the magnetizable particles in 
accordance with the original information. If desired the said' 
layer can be applied onto a suitable support. The copy is then 
removed from the element carrying the original information. 
With the methods indicated above, the action of the mag 

netic stray ?eld of the original information can be intensi?ed 
in known manner by the idealizing action of an alternating 
field or of heating. In this way, the magnetic particles are more 
strongly magnetized and the force moving them increases, so 
that the particles can be arranged more easily in accordance 
with the information on the original. Additionally the copying 
action of the magnetic stray field of the original information, 
which normally is'too small for practical use, is considerably 
increased by the idealizing treatment. Thus, indestructible co 
pies of the original are obtained which are of strong intensity 
and true frequency. 

Since the original and copy lie one upon the other during 
the copying operation, the conditions of the ideal or partly 
ideal magnetization can easily be achieved. With the partial 
idealiz'ation, the alternating ?eld intensity is chosen in such a 
way that the maximum of magnetization is obtained. The coer 
cive force of the magnetic material of the original must be so 
high that there is no appreciable demagnetization of the 
original recording by the alternating ?eld. y —Fe2O3 and fer 
rites are suitable as magnetizable particles for the master tape. 

Particular advantages are, for example, presented in the 
copying process by the thermal idealizing which is described 
in Belgian Pat. No. 660,323. If the layer onto which the 
original information is to be copied is heated to above the‘ 
Curie point of its magnetic material, and if this is allowed to 
cool while the binding agent of the said layer is still fluid and 
while the said layer is still under the action of the magnetic 
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field of the original, a strong magnetization is obtained in the 
copying layer, which under certain circumstances exceeds 
that of the original. In this way. it is for example, easily possi 
ble to reproduce magnetic information in large quantities. As 
described with the known processes, the Curie point of the 
magnetizable material of the magnetic member carrying the 
original information is chosen as high as possible. y —Fe2O3 is 
suitable for example. The Curie point of the magnetizable 
material of the copying layer is low, preferably between 80° C. 
and 180° C. Modi?ed CrO2 can be used herein, as described 
for example in British Pat. Nos. 895,937 and 951,965 and 
French Pat. No. 1,407,333. 
The copying tapes which are to be used for carrying infor 

mation transferred according‘ to the invention, may contain - 
dependingon the conditions of the copying process - hard 
magnetic substances, Le. a magnetizable pigment with a coer 
cive force which is greater than 200 Oe, or soft magnetic sub 
stances with smaller coercive forces, advantageously smaller 
than 15 Oe. The magnetic particles should have a length of 
from 0.05 to 2 p. The advantage of the soft magnetic materials 
is the easier mobility by the relatively weak magnetic forces of 
the magnetic stray ?eld of the original information. In this 
way, the copying operation is accelerated and an excellent 
reproduction is obtained. Suitable soft magnetic materials are, 
for example, mixed ferrites, such as those described in the 
book “Ferrite" by .l. Smit and J. Wijn Philips, Techn. 
Bibliothek I962. 

Nickel ferrites and manganese ferrites are also suitable soft 
magnetic material on account of their low Curie point. 
The copies produced by one of the aforementioned 

processes behave quite similarly to copies which have been 
produced by the direct copying process of the prior art, 

I whereby copies which have been produced under idealizing 
conditions, have a considerably stronger intensity. 
The wavelengths correspond to those of the original infor 

mation or recording. The magnetic copies produced accord 
ing to the invention, can be erased with an alternating ?eld, 
the recorded information, however, cannot be destroyed 
without destroying the tape, since the magnetic particles in the 
copying layer are distributed in accordance with the original 
information. For the reproduction of the copied information 
the copying tape is uniformly magnetized with a magnetic 
unidirectional ?eld. 

This magnetizing unidirectional ?eld can be ampli?ed by an 
idealizing alternating ?eld, whereby the quality of the copied 
information is improved; in particular, the background noises 
are reduced. Depending upon whether the unidirectional and 
alternating fields are allowed to decrease simultaneously or in 
succession (?rst the alternating ?eld, then the unidirectional 
?eld), the copy is magnetized under partial or complete ideal 
conditions. 
The unidirectional field can be produced by a permanent 

magnet, even a coil wound over a core ful?lls this purpose. 
The alternating current bias and the picking up of the induced 
voltage are likewise effected through coils. The separate func 
tions can be taken over by one coil for each but can also be 
combined in one coil. ~ 
When using the conventional originals, it is found upon 

reproduction after magnetization by means of a magnetic 
unidirectional ?eld that the information can in fact be 
reproduced, but the wavelength of the copy is only half as 
large as that of the original information. ' 

This disadvantage is overcome by a preferred embodiment 
of the invention by applying a magnetic unidirectional ?eld 
perpendicularly to the original during the production of the 
copy. The ?eld intensities of the unidirectional ?elds are 
between approximately 10 0e and 100 Oe. Copies which are 

' produced by this preferred embodiment produce information 
identical with the original, including the wavelength. 
By using as original a magnetic recording in which the mag 

netization lies perpendicularly to the plane of the tape and 
only varies between zero and the saturation magnetization, 
this additional measure is unnecessary. However, such 
originals exist only in exceptional cases. 
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4 
The operation of erasure and remagnetization can be re 

peated as often as desired with the copies produced according 
to the invention without the information content of the copy 
ing tape being lost. The information can only be altered or 
removed if the storage means is destroyed mechanically or 
chemically. 
The invention is explained by reference to the accompany 

ing drawing. FIGS. 1-7 show the copying operation on a lon 
gitudinally magnetized magnetic tape. 

FIG.'1 shows in the lower part the magnetic tape carrying 
the information which is magnetized with the wavelength 
>- and which consists.of tbemaenstic layer (1) ‘and: the 
carrier (2). The stray ?eld produced by the magnetization 
M is also shown. The copying tape with the magnetic 
layer (3) and the carrier (4) lies directly on the original. 

FIG. 2 shows the ?uctuation of the magnetization of the 
original tape of FIG. 1. 

FIG. 3 shows the ?uctuation of the magnetization in longitu 
dinal direction of the copy if only the known direct copy 
ing effect is taken into account. 

FIG. 4 demonstrates how the magnetic particles (5) in the 
copying layer are arranged after the production of the 
copy. 

FIG. 5 shows the magnetization of the copy after this has 
been erased and remagnetized with a unidirectional mag 
netic ?eld. It is seen that the wavelength iSonly-h/Zas ' 
compared with the wavelength of the original informa 
tion. In addition, the zero line of the sine function is dis 
placed. 

FIG. 6 shows the distribution of the particles (5) if a 
unidirectional ?eld is effective perpendicular to the sur 
face of the tape carrying original information during the 
copying process. 

FIG. 7 reproduces the change in magnetization of a copy 
produced with such a vertical field after the erasure and 
remagnetization. The zero line of the sine function is also 
displaced here, the wavelength, however, of the original is 
maintained. 

FIGS. 8-—l2 show the copying of an original tape on which 
the recording of the original information was effected by 
a magnetic ?eld directed perpendicularly to the tape sur 
face and in which the magnetization fluctuates between 
zero and the saturation value. . 

FIG. 8 shows an original which has been magnetized with a 
magnetic head only perpendicularly to the plane of the 
tape with one wavelength. The ?gure shows the mag 
netization vectors M in the layer (1), while the lines pro 
vided with arrows outside the layer represent the stray 
?eld. The copy lies directly on the original. 

FIG. 9 shows the ?uctuations of the transverse magnetiza 
tion of the original tape of FIG. 8. 

FIG. 10 shows the ?uctuations of the stray ?eld of the 
original in the copy. 

FIG. 11 demonstrates at what places of the copy the mag 
netic particles are arranged during the copying process. 

FIG. 12 shows the stray ?eld of the copy with magnetization 
perpendicularly to the layer which does not differ qualita 
tively from the original. > 

EXAMPLE 1 

ORIGINAL 

On a commercial magnetic recording tape, which consists of 
a magnetizable layer containing 'y—Fe2O3 dispersed in a poly 
urethane as described in German Pat. No. 824,244 on a sup 
port .of polyethylene terephthalate, an acoustic signal is 
recorded which has a wavelength of 0.75 mm. in such a way 
that approximate saturation exists at the maxima. The mag- ' 
netizable layer is thereupon provided with a thin layer of 
polytri?uorochloroethylene wax. 
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PRODUCTION OF THE COPY 

A suspension of acicular -y —Fe2O3 in a solution of nitrocel 
lulose in ethyl acetate is cast onto the magnetizable layer of 
the original. A carrier of cellulose triacetate is now applied to 
the tacky copying layer. This carrier adheres ?rmly to the 
copying layer, so that, after drying, the copying layer with the 
cellulose acetate carrier can be detached from the original 
tape. 
The mean volume space factor of the magnetic layer of the 

copying tape is about 0.l5—0.25.The coercive force of the 
particles is between about 280 Oe—300 Oe. 

After the detaching operation, the acicular particles of 
y-iron oxide are arranged in the copying layer in conformity 
with the magnetic stray- ?eld of the information in the original 
layer. 

If a copy produced in this way is played back on a magnetic 
recording device at a speed v = 38 cm./sec., a basic frequency 
of 800 c/s is produced on the basis of the wavelength A = 
0.475 mm. After the copy is erased with an alternating ?eld, 
there is found a residual voltage which is smaller than 2 mV. 
By moving the copying layer past a permanent magnet, the 
said layer is again magnetized. A voltage of 250 mV is now 
measured with the frequency of 800 c/s doubled, i.e. at 1600 
c/s. After once again erasing the tape, this is magnetized with a 
recording head at 1600 c/s. The recording current is chosen as 
high as possible. On reproduction a voltage of 250 mV is again 
measured. It is seen from this that, in the copying layer all 
magnetic particles have been arranged according to the infor 
mation of the original. 

EXAMPLE 2 

Similar results to those indicated in Example 1 are obtained 
by using a nickel-plated copper tape as original, the nickel 
layer carrying the original information. The magnetizable 
copying layer as described in Example 1 can be applied by 
means of casting devices or applicator rollers. This is effected 
during the simultaneous action of a magnetic unidirectional 
?eld perpendicularly the tape surface of the original (?eld in 
tensity about lO- 100 Oe). ' 
Upon replaying the copy agrees also in frequency with the 

original. 
If a transparent support and a transparent binding agent for 

the magnetizable copying layer are used, then, since the mag 
netizable particles are arranged in accordance with the mag 
netic information of the signal, the layer is also transmitting 
light in accordance with that information pattern. It is thus 
possible to scan these magnetic copies with light beams. The 
smoothness of the surface of the copy is then not as important 
as with the magnetic scanning. This process is of importance 
for sound film, since, in this way, the photographic sound 
track and the magnetic sound track can be placed together. In 
addition, it is possible to check the copy by this optical light 
method, e.g. to find dropouts and splicing joints. 

Using the process of the invention, it is also possible to 
produce test tapes as described in British Pat. No. 939,689, 
whereby shorter wavelengths can be produced than is possible 
by printing methods or by mechanical scoring. 
By measuring the difference f u between the frequency F 8 (v 

= A f) recorded on a tape according to the invention (v 
-'running speed, A = wavelength and f = frequency) and the 
frequency of a disturbing ?eld F5, (e.g. alternating current of 
50 c/s), it is also possible to detect disturbing alternating ?elds 
in magnetic recording devices. 
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6 
The tapes produced according to the invention can also be 

used for frequency conversion. Thus, for example, a tape with 
a wavelength A is prepared, whereby the carrier freque‘ncy‘fr= 
v (vi=ru_r?ivngwwshpeed_)rris obtained with a magnetic record 
ing device. If now a variable frequency is recorded on that 
tape, the frequencies reproduced are f, if, presuming f, > f. 
In addition, timed tracks, such as are necessary in computer 
devices can be produced in this way. However, the known 
pilot sound tracks or mechanical perforations of ?lms and the 
lke can also be replaced by magnetic tapes carrying signals 
applied according to the inventive process. 
The magnetic copies produced according to the claimed 

process can again be used as an original. By the varying densi 
ty distribution of the particles, it is possible in principle to em 
ploy in?nitely large magnetic ?elds which improve the copy 
ing action without any danger of erasure. In addition, frequen 
cy doubling is avoided if an erased and newly magnetized copy 
according to the invention is used as the original. Further 
more, soft magnetic particles can also be employed with ad 
vantage with such an original, since it is the magnetization 
during the action of a ?eld which is important in this case, and 
not the remanence. The linearity between the magnetization 
and the ?eld which is produced is in certain circumstances 
greater with soft magnetic particles than with hard magnetic 
particles. 

Since wavelengths from 0.1—0.5 mm. can be copied par 
ticularly well, the process is particularly suitable for the 
production of copies of computer tapes. The documentation 
value is ‘equivalent to that of a written document. 
We claim: ’ 

1. A process for the production of magnetic copies of a 
magnetic recording of acoustic signals comprising the steps of: 

a. applying a layer of a suspension of movable soft mag 
netizable particles having a coercive force of less than 15 
0e and a length of between 0.05 and 2./p. in a solution of 
a ?lm-forming binder agent to the magnetic recording 
carrying original magnetic information to cause the mag 
netizable particles to be attracted by the magnetic stray 
?eld of the magnetic information of the recording and to 
become arranged in accordance with the magnetic stray 
?eld of the original information; and 

b. drying the said layer of the suspension to ?x the mag 
netizable particles in position with respect to each other 
after they have become arranged, and then removing the 
dried layer with the particles from the recording carrying 
the original magnetic information. 

2. In the process of claim 1 the step of ?rst applying to the 
surface of the magnetic recording a covering layer by vapor 
coating the surface of the magnetic recording using vapor con 
taining a ?lm-forming substance selected from the group con 
sisting of vaporized aluminum, silicon dioxide, aluminum 
oxide and synthetic ?lm-forming resins. 

3. A process as de?ned in claim 1, wherein the ratio of mag 
netizable particle volume to the total volume of the dried layer 
is between 0.15 and 0.25. 

4. A process as de?ned in claim 1, wherein step (a) is per 
formed under idealizing magnetic recording conditions. 

5. A process as de?ned in'claim 1, wherein idealizing mag 
netic recording conditions are supplied by an alternating mag 
netic ?eld. 

6. A process as de?ned in claim 1, wherein a unidirectional 
magnetic field is applied during step (a), the ?eld lines of the 
unidirectional ?eld extent substantially perpendicularly to the 
surface of the recording. 


