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This invention relates generally to methods
and apparatus for drying photographic film, ‘or
other substances or articles which céan take ad-
vantage of the heating and drying eonditions pro-
vided by the invention; and it relates more par-
ticularly to a drying process and apparatus for
film and the like using uniform, -high-intensity
ultra high frequency d1electnc fields created’ by
novel cavity resonator apparatus.

In the art of dieleetric heating it is generally
recognized that the amount of heat generated in
the load (the substance to be heated or dried) in-
creases with-the frequency. We have found that
ultra high frequency energy, of the order of 90
megacycles, is especially useful, when ‘properly
applied, in the heating and drying of thin filmis,
such as photographic. film eonsisting of a photo-
graphic emulsion -on the usual base, e. g., ce11u-
lose acetate, cellulose nitrate, or paper. -~

The proper application of this high frequency
energy involves the factors .of high energy or
field intensity, and uniformity of fleld.  We have
found that a special type of ultra high frequency
cavity resonator can be adapted for this purpese
by opening two sides thereof and makmg provi-
sion for continuous travel of the film stock
through the resonator on .a-eontinuous conveyor
belt which passes through the two side opemngs
of the resonator.

It is known in-the art-dealing.with cavity reso-
nators that openings in the sides thereof are
sources of energy radiation, and therefore repre-
sent substantial energy d1ss1pat10n -and’ it is also
known that the efficiency and effectiveness of a
cavity resonator depends upon m1n1m1zat10n of
such energy dissipation.

It is accordingly one major- object of the inven-
-tion to provide a .cavity resonator having open
sides for entrance and exit of the material to:be
heated, which will nevertheless have good oseil-
Jation characteristics and sufficient energy.in the
dielectric field to-assure the availability .of- the
high heat that is wanted.

A further object is the provision-of a2 new and
improved manner of coupling-a hlgh frequency
generator to the resonator cavity. -

The present-invention, insofar as-film drying
is concerned, is.directed more particularly to the
drying of the emulsion.during the.original many-

facture thereof, though, of course, it - may-also-be "

employed in film processing as well. ' Inthe man-
ufacture of photographic- film, the emulsmn is
spread by -conventional methods in g -thin Jayer
on the usual base,-which- may -be a cellulose ‘ace-

-tate or-eellulose nitrate film, or paper. “The'pres-:
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ent invention may be employed with advantage
with any size film ‘stoek, but is especially useful
for particularly wide stock as for example up to
42’ in width.

We have found that a superior film product,
one of greater silver grain sensitivity, more uni-
form grain distribution, greater grain conecentra-
tion, arid flatter ‘and more perfect final physical
form, results from our process of drying by pass-
ing the film through the cavity resonator of the
invention, with' temperatires controlled as pres-
ently tobe set forth. We find, for éxample, that
the high uniform heat produced by the resonator

flows and simooths out the emulsion, and func-

tions to distribiite the silver granules more uni-
formly in the emulsion. This permits the use of

an inereased coneentration of silver granules, and
-hence results in an emulsion nct only of increased

uniformity, out of increased sensitivity. -

A feature of the invention is'that the emulsion
substance, which ‘may be .of any conventional
type, is applied to the film base at a room tem-
perature preferably Slightly above freezing.  The
film is then run through the cavity resonator in

-an air conditioned room, maintained at a ‘pre-

determined low humidity level, and the speed of
the conveyor belt carrying. the film through the
resonator, and the:power-on thé resonator; are so
regulated as to increase the temperature .of the

film rapidly from around32° to 165° F. “The belt

speed 'is"preferably about. 120 feet per minute,
though this is'of course subject to wide modifica~

tion. . The suddenly-applied high heat, of uniform

concentration; drives off the moisture and other

volatile constituents:at a rapid rate, and the.deep,

“through” penétiation of the heat ‘produced by

-the high frequency' dielectric field assures that

the inside rTegions .of the film will be heated-and

‘dried as-effectively asthe outside surfaces. .Thus
-we-avold the surface drying.and“‘case'hardening”

characteristic of ‘cohventional drying ‘processes,
which, as is well known, tend to cause surface
shrinkage, and consequent curling and warping

~of the’ film; * The filin product of our drying proc-
»Aess comes out with substantlally perfect ﬂatness

STt is actually deswable, in’ practice, to leave

1from two-percent to fifteen percent by weight of
;mmsr,ure in the ﬁlm sinice if dried out to'a great-
-er degree, it'will-re- absorb moisture’ flom ‘the at~

mesphere t6 that £extent. Accordmgly, in -prac-

tice, the power ‘ofi the -resonator and the ‘speed
“of film travel ‘ate 80 regulated -that the volatiles
r-and moistiire ‘will be sufficiently driven off, but
“with fromtwo percent to ﬁfteen percent of: moxs-

ture allowed t6'remain.
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As mentioned above, the heat and speed of
film travel are so regulated as to rapidly carry
the film from near freezing up to 165° F. Any
higher temperature has a deleterious effect on
the emulsion, materially reducing its sensitivity.
Accordingly, a temperature of about 1656° F. be-
ing the maximum, the drying process in accord-
ance with the invention contemplates a reduced
starting temperature, so that a long temperature
range will be obtained. With the emulsion ap-
plied to the film hase at around freezing, it holds
only a relatively small proportion of moisture at
the outset. By then starting it through the dry-
ing process while continuing to hold the room
atmosphere af the same reduced temperature,
the emulsion can be carried through the ex-
panded temperature range of from 32° to 165°,
giving a maximum oppertunity to drive off vola-
tiles and moisture. .

The invention will be more fully understood 2

by referring now to the following detailed de-
scription of a preferred embodiment thereof, ref-
erence for this purpose being had to the accom-
panying drawings, in which:

Figure 1 is a diagrammatic side elevational 2

view of a film dryer in accordance with the in-
vention;

Pigure 2 is & diagrammatic section taken on line
2-—2 of Figure 1, showing only the cavity reso-
nator portion of the apparatus, together with ex-
ternal electric circuiting therefor;

Figure 3 is a plan view of a modified cavity
resonator; and

Pigure 4 is a side elevational view of another
alternative form of cavity resonator in accord-
ance with the invention.

Referring first to Figures 1 and 2, numeral 19
designates generally a modified re-entrant type
of cavity resonator, or a medial section of a
doughnut type of cavity resonator, having rela-

~tively close spaced condenser plates or plate por-
tions 11 and 12, and inductor loops in the form
of open-ended end lobes or boxes 13 and 14, pref-
erably hollow cylinders whose interior diameter is
about three times the spacing distance between
plates 11 and 12. The lobes {3 and 14 are inte-
grally joined to the plates I and 2, and while
conveniently in the form of cylinders, they might
consist of rectangular boxes, or have other forms.
Also, while the lobes 18 and {4 are here shown
with open ends, this is not to be regarded as es-
sential though it is necessary that the resonator
be open at each side between the plates 11 and
12 in order to provide for passage of the film.
Without intention of limiting the invention, we
have found that, for a film width of 9%’’, the
resonator 10 may be of about 48’/ in length, and
about 12’/ in width, and that the plates 11 and
12 may be spaced 1%2’’, and the cylinders 13 and
14 have an inside diameter of 9’’. Such a reso-
nator will oscillate, when loaded, at around 90
megacycles.

A novel form of high frequency generator is
employed for driving the oscillator, comprising a
high frequency oscillator tube 20 (Machlett ML
5530), whose anode 21 is seated in capacity plate
22 positioned parallel to and close spaced helow
resonator plate 12, and whose anode and bulb are
accommodated by suitable apertures in the plates
{1 and 12, as clearly shown in Figure 2. The grid
23 of tube 20 is connected by short lead 24 to reso-
nator plate (i, and the two terminals of filament
25 by short leads 26 and 27 passing through small
apertures 28 and 29 in plate {1 to reach small
condenser plates 39 and 3I, respectively, posi-
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tioned parallel to and about half way between the
plates (1 and (2 on opposite sides of tube 20.
These condenser plates 30 and 31 are to be under-
stood as arranged through any suitable means,
not shown, for adjustment movement between
the plates {1 and {2, as indicated by the arrows.

The letter P designates conventionally any suit-.
able adjustable power supply unit, adapted to:
supply a suitable high voltage through RF choke:
32 to anode 21, a suitable grid bias voltage:
through lead 33 and grid bias resistor 34 to lobe:
14, and filament heating current through leads
35 and 36 containing filter chokes 37 and 38 to
the terminals of filament 25.

The circuit as thus described is basically the
old ultra audion circuit in which plate-to-fila-
ment capacity is the inter-electrode plate-to-
filament capacity of the tube. In order to in-

.crease the plate-to-filament capacity to allow

sufficient grid coupling to maintain oscillations,
additional capacity is introduced externally of
the tube, which in this instance comprises the
novel use of the adjustable condenser plates 30
and 31 placed in the electric field between the
plates 11 and 12, and therefore coupled to the
capacity plate 22 connected to the anode and
placed at close spacing to the plate 12. It will be
seen that the grid bias voltage is applied to the
grid by way of the lead 383, lobe i4, plate {1 and
lead 24, while suitable anode coupling and fila-
ment-grid phasing is obtained by the adjustable
condensers 30 and 3! within the electric field of
the resonator to establish oscillations at the de-
sired frequency.

In operation, a concentrated high intensity uni-
form field is established in the center section of
the resonator between the plates {1 and 12 owing
to the oscillatory system, the field being at right
angles to and extending between the plates {1 and
i2 as indicated by the dashed lines f.

Any dielectric article to be rapidly dried or
heated can be placed in this field, or passed con-
tinuously therethrough. As here shown, an end-
less conveyor belt 40 is arranged to pass through
the electric field between the plates t1 and 2 of
resonator 10, this belt passing first over an idler
roll 41 located at one side of the resonator, thence
through the resonator to a motor driven roll 42,
being then passed around idler roll 43 which holds
it in proper engagement against the periphery
of roll 42. Returning from roll 43 o roll 41, the
belt loops down and hangs below the apparatus
as clearly indicated in the drawings. Any type
of belt capable of withstanding the high heat
within the resonator may be employed, though we
prefer to use a silicone rubber belt, which is well
able to stand up under the high heat conditions
imposed. The film, designated generally by nu-
meral 44, is carried through the resonator on
this belt 40, as clearly indicated in Figures 1 and
2. As shown best in Figure 2, the belt 40 and
film 44 occupy a medial plane between the reso-
nator plates {i and 12, and pass through that
portion of the center section of the resonator he-
tween the condenser plate 30 and the lobe 13. As
it is important to be able to regulate the speed
of travel of the film in passing through the reso-
nator, a variable speed drive motor is employed,
or alternatively, a variable speed drive may of
course be employed between a constant speed mo-
tor and the drive roller.

Figure 1 indicates diagrammatically at 48, the
outlines of an exterior housing which may he
employed to enclose the resonator (0, and as will
be seen, this housing is located between the infeed
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and takeout rolls 41 and 42, suitable apertures
for the belt being of course provided. In the event
that & refrigerated atmosphere is desired, and it
isnot feasible to refrigerate the entire room, indi-
cated in Figure 1 by the numeral 41, merely the
interior of this housing 46 need be refrigerated.
Any suitable refrigerating apparatus, not shown,
may of course be employed.  Also, either the en-
tire room 47, or alternatively merely the housing
46, may be air or gas conditioned—that is to say,
maintained at some predetermined low humidity
level. Thus, the Toom 4T might contain either
air at-a predetermined degree of dryness, or some
inert .gas, as helium. As shown in Figure 1, a
blower 48 circulates and directs gas from the
conditioned room 47 through one end of Housing
48, to be discharged towards the open space be-
tween the plates {1 and 12 by fldattened or fan-
like nozzles 48c, so as to direct the gas through
the electric field of the resonator, and this gas
is then discharged at the oppesite end of the
housing by way of the outlet 48, Thus a continu-
ous cireculation of drying atmosphere is main-
tained through the housing 4§, and in particular
through the electric field: of the resonator where
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the film is undergoing drying, carrying away vol- .

atiles and moisture exaporated from the film.
Any suitable means may of course be employed
for these purposes, and may readily be supplied
by those skilled in the art.

The return stretch of belt is indicated as pass-
ing below the housing 46. Any suitable support-
ing means for the housing may of course be em-~
ployed, and since such features form no part of
the present invention, they may be omitted from
the present disclosure. Also, the resonator will
be understood as mounted in any convenient or
suitable fashion inside the housing 46, and while
the details of such mounting means are also op-
tional and well within the skill of the art, such
details are omitted from the present disclosure.
Figure 1 of the drawings does diagrammatically
indicate, however, the use of insulator 50 for the
support of the resonator at its lobes.

In some cases, with film of great width, as of
the order of 42’' or greater, it becomes difficult
to maintain the oscillation of the resonator at

‘the large scale which is called for, and for such
«cases, a resonator of the type as disclosed in Fig~
‘ures 1 and 2 may be made to large scale, but
:severed into two individual resonators i0¢ and

10b which will oscillate readily by simply cut-

ting the center section along a vertical diagonal

plane, and moving the two halves a few inches
apart (Figure 3), 'Thus, with reference to Fig-
ure 3, which is a plan view of such a resonator
as has been described in connection with Figures
1 and 2, the center plate portions are formed with
a diagonal gap 60, typically of a few inches of
width, and it being understood that the gap ex-
tends in a vertical diagonal plane, so that the
upper and lower center plates of resonator i0g
terminate along a vertical diagonal plane 6,
while the center plates of resonator 10b terminate
along a vertical diagonal plane 62, said planes
being parallel to and spaced from one another
by a matter of a few inches. In this instance, the
two halves of the original resonators resulting
from severing along the diagonal plane become
two individual resonators, which must be indi-
vidually driven. Rach, therefore, has its own
high frequency generator, which may be of the
same type as illustrated in Figure 2. The plan
view of Pigure 3 accordingly shows the two high
frequency generator tubes, indicated at 20a and
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200, and it is to he understood thaf.each of said
tubes is mounted in ‘its corresporiding resonator,
and provided with eircuit connectioris to thé reso-
nator and to a power supply unif according to
the method illustrated in Figure 2. The conveyor
belt and film are shown in Figure 3 i dot-dash
lines at 34, and will be seen to pass through the
center section of the resonator between the geri-
erator tubes 20a and 20b. I .

Each of the two resonators 8¢ and 10b of
Figure 3 will resonate individually, forming the
same type of transverse electric field: between
their two center plates. It should be: clear that
any point’on the film passing through: the reso-
nator will' be -outside the electric field while it
passes through-the gap 60, but that all points on
the film will be within:the gap region for the same
distance of-travel, and hence for the same period
of time, and that uniform heating is therefore ac-
complished for the full width of the film.. The
divided or dual resonator embodiment of Figure
3 thus accommodates wider lengths of film than
can readily be handled by the.simple embodiment
of Figures 1 and 2, the embodiment of Figure 3
differing from that of Figures 1 and 2 only in
that the.center section is divided by a dizgonal
gap, and in that the two halves so formed re~
quire to be separately driven.

According to our film drying process utilizing
the above described resonators, the emulsion is
first applied by conventional methods to the film
base, in a room maintained at a reduced tempera-
ture, preferably just above freezing. The film is
then run through the resonator, with surround-
ing atmospheric temperatures maintained at 32°
F., or thereabouts. This can either be accom-
plished by reducing the room temperature, or re-
ducing merely the temperature of the atmosphere
within the resonator housing. In any case, the
film at a temperature of around 32° F. is, after
application of the emulsion, run at the reduced
temperature into the resonator. The speed of
travel of the film through the resonator, and
the power on the resonator, are so controlled and
correlated that the film is raised to a temperature
appbroximating 165° P., or at least not substan-
tially in excess of that temperature, by the time
the film leaves the resonator. This treatment
rapidly drives off the volatiles, reduces the mois-
ture to the necessary degree, further distributes
the silver grains in the emulsion, and uniformly
dries the film base as well as the emulsion layer
so that the usual curl and warping does not occur.
A flatter film produet, of greater uniformity and -
improved sensitivity, is obtained by this process.
The process has one very important result, in
that the application of the high frequency elec~
tric energy is found to thoroughly sterilize the
film, effectively and completely killing all fungi
in the emulsion. Tt is a known fact that fungi in
the emulsion attacks and destroys the emulsion,
particularly in tropical climates. The present
drying process eliminates this source of film de-
terioration.

Figure 4 is a further alternative embodiment,
wherein the resonator 10c has the usual lobes 13¢
and 14c, but wherein the center section is made
up of plates Ile and i2¢ which are curved to
accommodate a curved article to be heated. In
this instance, the illustrative articles to be heated
and dried are plastic coat hangers carried by a
curved conveyor belt 40c, and guided at the ends
by ceramic guides 70. Aside from these innova-
tions to adapt the device to a curved article to be
heated and dried, the resonator may conform to
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the teachings of Figures 1 and 2, and no fur-
ther discussion is believed necessary.

. We have now disclosed the invention in a typi-
cal preferred form, but it will be understood that
many variations and modifications are possible,
and the invention is accordingly to be limited
only in accordance with a fair interpretation of
the following claims,

We claim: :

1. The method of film drying that includes:
initially reducing the film to be dried to substan-
tially a temperature of 32° F., and continuously
passing said film through the electric field of a
high frequency cavity resonator at a rate of speed
to increase the temperature of said film while
passing through said resonator to a final value
which is substantially in excess of normal at-
mospheric temperature but below the tempera-
ture at which the film is adversely affected.

2. The method of film drying that includes:
initially reducing the film to be dried to substan-
tially a temperature of 32° F., continuously pass-
ing said film through the electric field of a high
frequency cavity resonator at a rate of speed to
increase the temperature of said film while pass~
ing through said resonator to a final value sub-
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stantially in excess of normal atmospheric tem-
perature but below the temperature at which the
film is adversely affected, and passing a gas of
predetermined low humidity through said high
frequency electric field while said film is passing
therethrough.

JACK B. CUNNINGHAM.

FRANK WILBURN.
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