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Published May 4, 1943

Serial No. 387,974

ALIEN PROPERTY CUSTODIAN

COPYFILMS FOR LENTICULAR SOUND
TRACKS

Cornelis Johannes Dippel, Klaas Jannes Keuning,

Eindhoven,

Holland, Monoré Jeseph Jules

Verkindeten, Mortsel, and Réne Laurent Henri
Van Hoestenberghe, Berchem, Belgium; vested
in the Alien Property Custodian

Application filed April 10, 1941

Qur invention relates to fllms for copying
lentlcular sound tracks.

Our invention is particularly concerned with
films for copying sound records having an opti-
cally reproducible sound track with depth varia-
tions and In most cases width variations as de-
scribed in our copending application Serial No.
280,188. Such a sound track has a wavy surface
which is not parallel to the surface of the carrier,
and when it is copied, for instance by transmitted
light, the light rays will be partly refracted at
the surface of the track. Consequently the
luminous Intensity of the light striking the copy
film 1s determined not only by the bright and
hlack portions of the sound track, but also by the
amount of the refraction. This refractive phe-
nomehon will hereinafter be referred to as a
“lens effect” and a sound track which has this
property will be referred to as a “lenticular”
track.

We have found that when such sound tracks
are photographically copied twice, there is the

20

difficulty that dark striae are produced in the

non-blackened portions of the copies and cause

distortion of the sound during reproduction.
This difficulty is particularly prevalent in copying
8 sound record comprising a transparent sound
track having both width and depth variations and

“opaque” surroundings, such as are produced with .

a cutting tool having a V-shaped cutting edge
in the manner described in the U. S. patent
#1,919,116 to James A, Miller., The term
“‘opsaque” portion as used herein and in the claims
is to be understood to mean a portion whose
transparency to the type of light used for copying
or scanning is very small in comparison with that
of the transparent parts.

For a complete understanding of the problems
in copying such sound records 1t should be noted
that 1If a positive copy, to be referred to as a
“positive,” made from such a sound record is to
be suitable for reproduction with photo-electric
cells 1t must satisfy two maln requirements.
First, the blackening difference between the
“opaque” and the transparent portions of the
positive must have a minimum value of 1.2 in
order to produce a sufficient difference in lumi-
nous intensity on the cathode of the photo-elec-
tric cell. Secondly, no dark striae or blurred
transitions should be present on the transparent
portions of the positive. To obtain such a posi-
tive, the negative used in the copying should
elther have no variations in the “opaque” portion
or should have varlations which, upon printing,
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fall below the threshold value of the blackening
curve of the positlve, It should also be noted
that, with the copying methods, positive material
and developing methods used at the present time,
it is necessary to have a minimum blackening
difference of about 1.0 between the sound track
and lts surrounding on the negative in order to
obtain the desired blackening difference of 1.2
between the bright and dark parts of the sound
track on the positive. With present-day copying
methods, a maximum gamma of 2.4 1s seldom eX-
ceeded in copying In view of the picture films to
be developed by means of the same copying de-
vice, and with such a gamma value it is just
possible to obtain the above-mentioned blacken-
ing difference of 1.2 on the positive, with the
minimum blackening differences of about 1.0 on
the negative.

By using a positive fllm, for instance with a
smaller foot of the blackening curve than Is used
at present or by being allowed to ralse the ad-
missible gamma, the required blackening dif-
ference on the positive can be cobtlalned with a
blackening difference of less than 1.0 on the nega-
tive, but in this case it would probably not be
possible to go lower than 0.8.

If the condition fmposed on the minimum
blackening difference of the negative is not satis-
fled and from this negative 1s printed a positive
having a blackening difference of 1.2 between
track and its surroundings, opaque striations will
arise in the bright sound track of the positive
which, as stated, have a deleterious effect on the
reproduction.

If it is desired to obtain a positive without
striae In the track, one might make the negative
50 that the minimum blackening caused hy the
lens effect of the original track amounts to more
than 1, for instance to 14. However, this has
the drawback that, In connectlon with the
stronger blackening occurring due to the same
lens effect, the amplitudes, more particularly of
the high frequencles with the presens-day means
for counteracting diffusion become smaller 1, e,
crowding due to diffusion,

Above we have stated the factors which have to
be considered when a positive copy 1s made from
an initially-positive sound track, However, anal-
ogous factors apply in copying & negative sound
track involving lens effect in its transparent sur-
roundings,

The maln object of the present invention is to
provide a copyflim with which the above men-
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tloned drawbacks due to lens effect can be
eliminated.

According to the invention the copy film has a
light sensitive emulsion layer having a black-
ening curve the derivative of which has elther
a minimum or exhibits s decrease with increas-
ing exposure at & blackening of 0.5-1.8 and &
derivative below 0.6 {n the reglon of the usual
blackening.

If the derivative from the blackening curve
either has a minimum or exhibits a decrease with
Increasing exposure this signifles in both cases
that the derivative in this region of 0.5~1.8 has a
value which {s smaller than that in the immedi-
ate adjoining reglon having a smaller exposure.
In other words the derlvative 1s locally smaller
than in the immediately adjoining part of the
blackening curve towards the slde of smaller ex-
posure. Consequently the blackening variations
caused on such a fllm by the lens effect will be
‘smaller than when using a copying fllm having a
-normal blackening curve and as a result the
maximum blackening may alsc become smaller,
Since the blackening variations on this copy are
smaller, the varlations in luminous intensity of
any print made from this copy are also smaller
so that the blackening varlations on the print
may remain below the threshold value of the
blackening curve even with a sufficlent intensity
of the copying light and are no longer perceptible
‘In the sound track eventuslly obtained.

The term “minimum” as used herein and In
the claims is to be understood to include the case
in which the derlvative falls to a deflnite mini-
‘mum value and has a constant course at this
value.

With the above-mentioned minimum difference
of 0.8 between the minimum blackening due to
lens effect and the transparent parts of the sound
“track on the negative, it 1s possible to print this
‘negative sound track on a positive film and ob-
tain the requlred blackening difference between
the sound track and its surroundings.

In as much as our inventlon concerns me-
‘chanleally-recorded sound tracks it is also based
on the recognitlon that on copying such fracks
one may depart from the technique used in print-
‘ing normal sound films, viz that the record has
‘always to take place in the stralght part of the
‘blackening curve and that consequently in copy-
'Ing one may Use films whose blackening curve Is
different from the normal one.

The expression “region of usual blackening” is
to be understood to mean a region which extends
between the minimum blackening which gives a
good copy and the blackening with which the
intensity due to the diffused light beyond the
track becomes so high that the spaces between
the peaks of the amplitudes of the track are also
blackened to an undesirable degree. With pres-
ent-day photographic filmg the minimum limit
is about a blackening of about I, and the maxi-
muin limit is a blackening of about 1.8.

In order that the invention can be clearly
understood and readily carried into effect we
shall describe the same In more detall with refer-
ence to the accompanying drawings in which,

Figure 1, s & perspective view on an enlarged
.scale of a portion of a fllm carrier provided with
a mechanically-recorded and optically-reproduci-
ble sound track and shows the cutting tool for
produclng the track,

Fig. 2 is a sectional view on an enlarged scale
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of the carrler of fisure 1 placed on top of a
sensitlzed copying fllm.

Pigs. 3 and 4 are blackening-illumination
curves of the positive and negative films respec-
tively upon which the sound track of flgure 1
{s copled.

Plgs. 5 to 11 inclusive blackening-illumination
curves for use in describing the method of the
invention, and

Figs. 12 and 13 are sectlonal views on enlarged
:;:ales of sensitized filtng according to the inven-

on,

The fllm carrier shown In Fig. 1 comprises a
suppotrting layer 3 of transparent material, such
as celluloid, a cutting layer 2 of transparent ma-
terial, such as gelatin, and a thin covering layer
4 of opaque material, such as a colloidally-dis-
persed metal. A cutting tool 80 having a V-
shaped cutting edge with a large apical angle s
vibrated in accordance with the sound vibra-
tlons to be recorded in the direction of the
double-headed arrow A while the Alm s moved
at a constant speed in the directlon of arrow B
to thereby produce a sound track | having both
width and depth variations. Such methods of re-
cording have been described in detail in the
above-mentioned patent #1,919,116, and the
track | is sultable for optically reproduction with
the aid of a photo-electric cell. However, if the
track is to be photographically printed, difficul-
tles will arise due to the lens effect, as will be set
forth In more detail with reference to figure 2.

As shown iIn figure 2, the carrier of Fig. 1 is
placed on top of a copying film comprising a
transparent celluloid layer 6 provided with g layer
§ of a sensitized emulsion. In printing track |,
which has an undulated surface, the rays of the
copying light, indicated by reference numeral 80,
are refracted at the undulated surface of the
track with the result that the layer § is unevenly
illuminated 1. e. spots T have a great luminous
Intensity and spots 8 have a small luminous In-
tensity. Only a very small quantity of lght im-
pinges on the portion 8 of the emulsion § which
is beneath the spots where the cutting tool has
not penetrated into the “opaque” coating 4.

In the further discussion, the quantity of light
Impinging upon spots T of maximum illumina-
tion intensity will be denoted by In max, the quan-
tity of light impinging on spots 8 of minimum
illumination intensity will be indicated by Ih min.,
and the light passing through the “opaque™ coat-
ing 4 will be denoted by I.. Furthermore, the
values Iz, In min. and In max. will also be deslg-
nated by the reference numbers 10, It and 12
respectively. ‘The blackenings brought about on
the first copy by these illumination intensities
will be dencted by Dz, Dh min. and Dn max. re-
spectively.

From the above it sppears that in printing the
Initial or original mechanically recorded sound
fllm on a negative film, a sound track having
blackenings between Dn mm. 8nd Dr mex. is ob-
tained. Due to this, principally three llumina-
tlon intensities wil have to be considered in
printing this negative flim on a positive film.
One would be inclined to ¢ause the varlations in
illumination Intensity brought about by the
blackening variations produced by the leng effect
In the orlginal spund track, to fall below the
threshold value of the blackening curve of the
positive. However, from the following discussion
1t will be seen that there are drawbacks to such
a procedure.

Ag has been mentioned above, a positive de-
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signed for photo electrical reproduction must
satisfy two maln conditlons. One of these 1s
that the minimum blackening of 1.2 determines,
at a plven value for the gamma, the requlred
minimum blackening difference between the
bright parts and those parts which are black-
ened least due to the lens effect on the negative
(Dz and Du mm,).

Fig. 3 illustrates the blackening and ratlos of
Nlumination intensity for a normal positive film
developed In Kodak developer Dis. A minimum
blackening difference (13—2Z1) of 1.2 s desirable.
If this film is developed under the most favor-
able conditions to a gamma of 2.4, this would
require an illumination indicated by reference
numeral (4, To satisfy the second condition,
namely that there be no black striae in the trans-
parent parts of the copies, it is necessary that the
fllumination 15, which results from the light
transmitted due to the minimum blackening
Dn min. of the negative, falls below the threshold
value 81 of the blackening curve of the positive.
As appears from the figure the range of illumi-
nation lies partly in the foot of the blackening
curve, and thus the difference between the loga-
rithms of the illumination intensities indicated
by reference numerals (4 and 19 must have a
minimum value of 1.0.

In printing the positive and in developing the
same, it must be taken into account that the
usual copying plants developed all white-black
films, particularly in view of the conditions to be
met by the image, tc g gamma lying betwcen 1.8
and 24 so that on producing sound films for
commercial use, these litnits of the gamma must
be taken into account. If the development of the
positive film goes only to a gamma of 1.8, then
an llumination as indicated by 18 in figure 3 is
necessary to obtain the required blackening dif-
ference $3—21. From figures 3 and 4 it appears
that in such a case the difference between the
logarithms of the corresponding lllumination
intensities 19 and {6 has g minimum value of 1.1,
With these differences in illumination Intensity,
the illuminations 15 and (7 caused by the “lens
effect’” may be held helow the threshold value 81
of the blackening curve of the positive film while
at the same time conserving on the positive the
minimum blackening difference of 1.2 required
for satisfactory reproduction by a photo-elec-
tric cell.

The stated illumination value determines the
conditions which must be satisfied by the black-
ening difference on the negative, from which the
above-mentioned positive is to be printed. Thus,
as shown In Fig. 4 the minimum blackening dif-
ference 20—13 i. e. Da min.~—Dx in the sound track
on the negative must be at least 1.0 and prefer-
ably greater than 1.1 in order to ensure in all
cases good results on the positive. Considering
these cenditions, and a gamma of the nepative
determined by the conditicns te be mentioned
herelnafter, it is not difficult to determine the il-
lumination {1 required therefor. The illumina-
tion of the negative, which is to be understood to
be the difference between log In min. and log I,
depends on the blackening of the “epaque layer”
4 of the original sound recerd, which for copying
licht may be assumed to be about 2.3. Conse-
quently in developing the negative it must be
taken intc account that the log. difference in 11-
lumination intensity 11—I9 is determined by the
blackening of the “opaque layer” 4, which in the
example 1llustrated in the drawlng amounts to
2.3. With this minimum difference in luminous
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Intensity, I=—In min. of 2,3, a blackenlng differ-
ence 20,19 of 1.0 must be attalned. It appears
that in the most unfavorable case the negative
must, for this purpose, be developed to a gamma
of 1.0,

However, it should be remembered that be-
cause of “lens effect,” a maximum illumination
intensity 12 up to twenty times as strong as il-
lumination ti already occurs. The blackehing
18, which corresponds to this maximum Dumi-
nation, may now have such a value that, due to
internal diffusion, the resolving power becomes
so small that it is impossible to obtain a sound
reproduction of good quality from the positive
printed from this negative,

Upon printing the original sound record on a
copylng film according to the invention having a
blackening curve such as shown in Fig. 5, the
above-mentioned difficulties can be obviated. In
fact, the curve represented in Fig. 5 has a small-
er gamma in the range of the usual blackening
than in the immediately adjoinine region of
weaker blackening. The dot and dash line 61 rep-
resents the course of the gamma through the
blackening region. In printing, the variations
in luminous intensity between (1 and {2 (In min.
and In max.) lie in that range so that the black-
ening 30 becomes materially smaller than in
printing the film exhibiting the same intensity
difference on a film having & normal blackening
curve. However, as the maximum blackening 30
1s smaller, the resolving power is higher with the
result that a greater marginal definition Is oh-
tained. At the same time the blackening differ-
ence 30—28 (Dh mex—Dn mi.) is smaller than
that obtained in printing on g film havine a nor-
mal curve; the blackening difference 29—28
(Dn mn.—D=) belng nevertheless of the same or-
der of magnitude. This makes it possible to pro-
duce a good second copy (positive) on a film
having & normal curve, as is shown in Fig. 6.

As shown in Fig. 6, the variations 32—33, due
to Dn min. and Dn mas. 0of the negative may easily
fall below the threshold value §( of the hlacken-
ing curve, while in spite of this the intensity Qif-
ference 31—32 is sufficient to produce on this
second copy a blackening 35 exceedinz 1.2 rela-
tively to the fog 34 in the track (,2.

If, for some reason, for instance because the
gamma of the second copy cannot be sufficient-
ly ralsed, the illumination must be raised to such
a degree for obtaining a sufficlent blackening 35
that the variations 32—33 fall partly above the
threshold value 81, as shown in Fig. 7, then the
blackenings 39—40 are weaker in the final
sound track.

Films having a hlackening curve such as shown
in Flg. 8, in which the gamma as Indicated by the
dot-dash line 62 exhiblts a decrease with in-
creasing illumination intensity and acquires a
negative value, yield the same advantages. As
shown {n this figure, an illumination 10 yields a
blackening 3§, whereas in the reglon of the varia-
tlons In luminous intensity (1—12, there are
blackenings between 3T and 38 on the negative.
As the maximum blackening 38 is materially
smaller than the maximum blackening on a nor-
mal film, we obtain the same advantages set
forth above,

The blackening curve shown in Fig, 9 comprises
at least two parts having different gammas, as
appears from the dot-dash curve 3. In the
region below the usual blaekening, the gammsa
has a minimum value of about I, and in the regton
of the usual blackening the value of the gamma,
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falls below about 0.6 so that In this range the
blackening remalns small due to In max. As a
result, the blackening variation 46-—45 i1s small
so that the above-mentioned sdvantages can
also be obtained therewlth.

Figs. 10 and 11 represent a blackening curve
which Is very favorable for this purpose and
whose derivate represented by the dot-dash
curves 64 and 65 respectively approach zero in
the usual blackening region over a large llumi-~
nation interval. If the region of intensity varia-
tions caused by the lens effect 15 located in this
fllumination interval, the first copy obtained will
have a perfectly uniform blackening 53 in the
sound track so that even in the first copy of the
blackening variations due to the lens effect are
entirely eliminated. By a suitable positioning
that part of the gurve In the region of usual
blackening which approaches to zero, the
blackening difference §2—53 1s, moreover, larger
than 1.0.

The curves referred to above can practically be
obtained in two different ways, viz. by

I. Conirolled development of normal -photo-

graphic emulsions. By abruptly interrupting the .

development the emulsion layer |s developed only
to a definite depth so that even if the light effect
has penetrated to a greater depth, the emulsion
layer will be blackened only to a deflnite depth.
As a result there will be obtalned a blackening
curve such as shown In Fig. 11 which has de-
cidedly horizontgl part above a definite black-
ening value. Such & film is shown in Fig. 12, in
which the reference numersal 58 denotes a cellu-

loid supporting layer and a reference numeral §8

Indicates an emulsion layer In which the sound
tmage 60 Is available only to a certain depth.
This controlled development may be obtained by
adding to the developing bath e high percentage,
about 10%, of alcohol, glycerin or acetone, or
about 20% of sodium sulphate,

II. By normal development of a film with two
sensgitized emulsions of a decidedly different
character or by definite kinds of light. These
different emulsions may be provided In two dis-
tinct layers. If the top layer is much more sensi-
tive than the second layer, for instance the top
layer is a panchromatic and the second layer Is
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& non-panchromatie layer, or if the top layer Is
a sllver bromide layer and the second layer is &
paper-silver-chloride layer respectively, a black-
ening curve stuch as shown in Pig, 10 Is eventually
obtalned, 1. e. a curve comprising two separate
parts connected by a substantially horizontal
part. If the gammas of both emulsions are
equal, both parts will have the same steepness.
If the layers differ in gamma for a definite type
of light then the curve shown in Fig. ¢ is ob-
tained. Both emulsions may also be mixed so as
to form g single layer in which case the curves
obtained are stmilar to those obtained in the case
referred to above. In all cases, however, there
should be a difference in sensltiveness between
both emulsions.

In all cases referred to above an anti-halation
layer msy be provided for reducing the diffusions.

As an glternative, a very thin emulsion layer
of the order of magnitude of 5 microns or less
may be provided on an anti-halation substratum,
If the thickness and sensitiveness of the emulsion
layer are judiciously chosen, the maximum
blackening of this layer just lles in the range of
usual blackening, hamely between about 1 and
1.8. Thus, a blackening curve such as shown In
Fig. 8 or Fig, 11 is obtained. Similar results may
be secured by the use of a very thin emulsion
layer on a substratum of a light sensltive emul-
sion layer containing a dye, in combination with
a special printing lght belng readily absorbed in
sald dye. As such we can use a substratum con-
talnihg tartrasine In combination with blue
printing light. A film of thils type is shown In
Fig. 13 in which g celluloild layer 54 carries an
antt-halation layer $5 and a thin emulsion layer
§6 in which a sound image 51 is produced.

Although we have described our invention with
reference to specific examples and applications,
we do not wish to be limited thereto because
obvious modifications will readily present them-
selves to one skilled in this art.

CORNELIS JOHANNES DIPFEL,

KLAAS JANNES KEUNING. )

HONORE JOSEFH JULES VERKINDEREN,

RENE LAURENT HENRI VAN
HOESTENBERGHE.



