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1. Claim. 
Our present invention relates to exposure Con 

trol and more particularly to an apparatus for 
the application of a dosed exposure in the photo 
graphic reversal process and in the photo 
graphic printing process. 
One of its objects is to provide an improved 

apparatus for exposure control. Another object 
is an apparatus of this kind which is more effl 
cient than those hitherto known. A further ob 
ject is an apparatus for exposure control which 
is operated exclusively optically and electrically 
and is therefore operated with a minimum of in 
ertness. Further objects will be seen from the 
detailed specification following hereafter. Ref 
erence is made to the accompanying drawings in 
Willic: 

Fig. 1 shows a diagram of the connections of 
an apparatus according to this invention, 

Fig. 2 shows a diagram of the connections of 
an apparatus according to this invention as 
shown in Fig. 1 with the difference that a special 
relay has been provided for holding the required 
contacts closed when the galvanometer has a 
too great deflection, 

Fig. 3 shows a diagram of the connections of 
an apparatus according to this invention in 
which the intensity of the printing light is reg 
ulated over a heavy current valve, 

Fig. 4 shows a modified apparatus according 
to this invention, 

Fig. 5 shows an apparatus as shown in Fig. 4 
but provided with a back coupling, 

Fig. 6 shows an apparatus as shown in Fig. 5 
with a modified back coupling, and 

Fig. 7 shows a diaphragm as used in the appa 
ratus shown in Figs. 4 to 6. 
In the second exposure in the production of a 

reversed film it is necessary to adjust the quan 
tity of light projected on the film in accordance 
with the density of the photographic image. So 
also in the printing process the illumination must 
be selected in dependence on the density of the negative. 
A known arrangement for producing an auto 

matic adjustment of the light consists in placing 
on the other side of the film to be illuminated a 
device whereby the transmitted light excites a 
photo-electric cell the current from which moves 
directly or indirectly a diaphragm in the path of 
the rays from the illuminating lamp. These de 
vices have the drawback that they are compara 
tively slow because considerable masses have to 
be moved, with the disadvantage that in the ma 
jority of cases the film or a greater part of it is 
incorrectly exposed. 

(CI, 95-5) 
According to this invention the exposure of the 

film is regulated exclusively electrically and Op 
tically. With the apparatus herein described it 
is not only possible to control the intensity of the 
printing light in any desired proportion, but it is 
also possible to adjust the intensity of the print 
ing light according to the density of the film to 
be exposed while having regard to the special 
properties of the used film and the used photo 
cell. A particular advantage of the apparatus 
according to this invention is its little inertness 
which guarantees a rapid adjustment of the in 
tensity. Photo-electric cells of the regenerative 
type that is to say such which are capable to con 
vert light into electric energy are preferred, for 
instance, photo-electric cells in which a layer 
of a finely subdivided semi-conductor is in con 
tact with a layer of a conductor, as in the cu 
prous oxide cells. However, also the other 
photo-electric ceils may be used. The use of 
non-regenerative photo-electric cells that is to 
Say such in which only the resistance to an elec 
tric current is changed by the influence of light 
are less practical because they need a special 
Source of electric current and an amplifier. 
In using the apparatus for dosing the intensity 

of the source of light in the second exposure of 
a reversal film it is not necessary to Scan the 
whole breadth of the pictures. The desired 
width which must, however, not include the per 
foration row, is blocked out by a mask. In order 
to obtain correct density of the print at least one 
picture length must be scanned, preferably there 
are scanned 4 to 5 picture lengths. 
The modifications of an apparatus for exposure 

control according to this invention have the com 
mon feature that the light projected, for in 
stance, through the bleached reversal film excites 
a photo-electric cell. The current of the photo 
electric cell actuates a galvanometer provided 
with a mirror. According to the variations of 
power of the current the galvanometer is more 
or less deflected and, therefore, the beam of light 
projected from a source of light on the mirror. 
This beam of light may be used directly or in 
directly for exposing the film. For using it di 
rectly the beam of light falls on a fixed mask 
having a suitable aperture which according to the 
degree of deflection transmits more or less light 
which is evenly distributed on the film plane to 
be exposed. When using the beam of light indi 
rectly it falls on photo-electric cells which by 
means of relays switches-in or cuts out resist 
ance in the circuit of the source of light. 

In printing from a finished negative or posi 
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2 
tive an optional Source of light may be used and 
it must only be adapted to excite the photo-elec 
tric cell correctly. When scanning a bleached 
reversal film for a dosed second exposure the 
source of light is adjusted so that only little 
blackening of the film is produced. Therefore, 
in this case a source of light is selected of as 
Smail a photographic activity as possible, for in 
stance, a source of yellow light. 
The principle of the indirect method will now 

be explained with reference to the accompanying 
drawings. The indices of the switches are the 
Same as those of relays by which they are actu 
ated. The reversal film F which is to be ex 
posed is passed between a source of light and a 
photo-electric device in such a manner that the 
photo-electric cell is excited by the light passing 
through the film. The Current produced by the 
light in the photo-electric cell actuates a gal 
vanometer G provided with a mirror. The mir 
ror reflects a light ray of the Source of light lg. 
The position of the mirror determines the direc 
tion of the reflected light ray. Thus the direc 
tion of the light ray is dependent on the density 
of the scanned picture. With a certain defiec 
tion of the mirror of the galvanometer the light 
is projected on a photo-electric device B1, which 
actuates a relay C1. The relay initiates the ad 
justment of the required intensity of the source 
of light which serves for the second exposure of 
the film. There are arranged several photo 
electric devices B1, B2 . . . Bn directly side 
by side or at suitable distances, each photo-elec 
tric device actuating a special relay. In ac 
cordance with the relay which is actuated a cer 
tain intensity of the source of light for exposing 
the film is produced. 
The arrangement represented in Fig. 2 shows 

one of the many possibilities. If the relay C1 is 
actuated by light projected on B1, a second relay 
D1 is energized so that it closes the switch d, 
Hereby the resistance Ri is short-circuited So that 
the current Supplied to the Source of light Lin is 
increased and the intensity of the source of light 
likewise is increased. If the relay C2 is actu 
ated R2 is short circuited over c2D2d. The in 
tensity of the Source of light in is further in 
creased. Thus, the intensity of the Source of 
light may be regulated to different values which 
are determined by the value of the resistance R. 
In the following manner the effectiveness may 

be further increased. The pencil of light pro 
jected on the photo-electric devices B1, B2 and so 
on is made so large that when the pencil of light 
passes from one photo-electric device to the next 
two adjacent relays are actuated (apart from 
the first and the last photo-electric device). By 
closing the switch d with the actuation of the 
relay D1 the relay is kept in action also when 
c1 is not actuated by C1. This involves the ad 
vantage that when the pencil of light emanat 
ing from the mirror in moving back from B2 to 
B1 the Switch C1 is closed without being under 
tension. Furthermore d' is closed, so that on 
actuation of d only the partial resistance R2 
is switched on or switched off. This would not 
be the case if, for instance, the galvanometer 
G is operated so quickly that the relay cannot 
follow immediately. This involves a steady oper 
ation, little wear, and increased reliability in 
Service. It is not desired that all relays are in 
operation; the Switches d which are actuated by 
the relays D having the corresponding indices 

2,101,982 
switch of all relays except two which are in 
operation. 

If the galvanometer G has no abutment, which 
prevents deflection of the pencil of light so that 
it passes beyond Bn it is possible to provide a 
device, which retains the relay On in its operative 
position when the pencil of light is deflected be 
yond Bn. For this purpose that relay has a coil 
Dn' which is actuated over a switch d of the 
relay Dn and an open circuit contact c'n-1-of the 
relay C'n-1. If the pencil of light Wanders from 
Bn to Bn-i, Bn-2 . . . the relay Dn must be 
Switched off. If it wanders in the opposite direc 
tion the relay Dn must remain in operation. 
Thus, the maximum intensity of the source of 
light Lin which may be required cannot be sur 
passed. 
Another possibility of control consists in ap 

plying different grid Voltages to the grid of a 
heavy-current control valve by means of the 
relays C1 . . . Cn. The switching on of differ 
ent voltages may be obtained in different man 
ners, for instance, by means of a potentiometer, 
a battery from which different voltages can be 
taken, a transformer fron Which different volt 
ages can be taken or an apparatus by which a 
phase lead or a phase lag is produced. The alter 
nating current which flows through the heavy 
current control valve is directly or after trans 
formation conducted to the lamp which serves 
for the exposure of the sensitive film. 
The direct method provides a rapid adjustment 

by using a stationary diaphragm and changing 
the direction of the light rays so that more or 
less light is projected upon the diaphragm. 
The accompanying diagrams of Figs. 4, 5, and 

6, illustrate three arrangements in accordance 
With the invention. . . . . 

Referring to Fig. 4, the film F is illuminated 
by the source of light L1. The transmitted light 
excites the photo-electric celi A, the current 
from which actuates a mirror galvanometer G. 
This mirror refects the cone of rays from the 
lamp L2. In the path of this reflected light is 
the diaphragm B, the form of which is prefer 
ably such that a certain ratio between the den 
sity curve of the image and the gradation of the 
strength of illumination is obtained. The dia 
phragm B may, for instance, have the form 
shown in Fig. 7. - 
The circles , 2, 3 and 3 drawn in this figure 

show different positions of the cone of rays which 
are projected from different positions of the mir 
ror on the diaphragm B. By the diaphragm the 
required pencil of light is cut out from the cone. 
projected by the mirror. 
The diaphragm may be exchanged for another 

or the aperture may be changed according to re 
quirement. Instead of a diaphragm of particular 
form there may be used a diaphragm with the 
interposition of a suitable grey wedge or there 
may be used a grey wedge alone. The diaphragm 
is advantageously placed at a position in the path 
of the rays where the diameter of the cross sec 
tion of the cone of light corresponds with about 
the greatest breadth of the diaphragm. 

If the current passing through the galvanome 
ter becomes stronger in consequence of a smaller 
density of the image, the cone of rays moves grad 
ually behind the diaphragm, the reverse being the 
case when the density of the image becomes 
greater. The galvanometer mirror may be so ad 
justed that there is always a certain minimum 
quantity of light passing through the diaphragm. 
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There can, however, be provided a Separate paS 
Sage for the light. Advantageously, the lamp L1, 
which serves for providing the transmitted light, 
may have such photographic activity that it pro 

5 duces the smallest necessary illumination. The 
light passing through the diaphragm falls upon 
the ground glass screen D by which the film is 
illuminated. The loss of light which occurs & 
the ground glass must be taken into account in 
selecting the intensity of the source of light. In 
order to avoid loss of light the path of the light 
between the ground glass screen and the film is 
surrounded by reflecting Surfaces E. 

Fig. 5 shows an arrangement for increasing the 
sensitiveness of the device by means of an auxil 
iary current. ... On the left hand side is the lamp L. 
that provides the light rays to be transmitted by 
the film, and on the right the illuminating lamp 
N. In parallel with the photo-electric cell A, 

20 which actuates the galvanometer G, there is in 
serted a second photo-electric cell H, which is ex 
cited by the illuminating lamp N. The light nec 
essary for the actuation of the photo-electric cell 
H may be taken from the trace of the rays of the 

25 printing light N at any place behind the dia 
phragm B. This may be done by introducing a 
suitably inclined mirror into the trace of the rayS. 
The photo-electric cell H may, as shown in Fig. 5 
be arranged behind the film and a too great in 

30 tensity of the light passed through the film may 
be reduced by the insertion of a Suitable mask. 
The regulation of the additional energy obtained 
from the cell H may also be achieved by the re 
sistance R.H. 
For regulating any fluctuations in the illumina 

tion of the lamp L or of the lamp N the follow 
ing devices are provided:-In series with the 
photo-electric cells A and H, which serve for 
regulating the illumination, are inserted two like 
cells J and K with interposition of resistances 
RJ and RK; these are directly illuminated by the 
lamps L and N. When, for example, the candle 
power of the lamp diminishes, the countercur 
rent from the cell J or K through the galva 
nometer diminishes. The device has still another 
advantage. According to experience the density 
of a film which is to receive a Second exposure 
varies very little. Correspondingly the light fall 
ing on the photo-electric cell A changes only in 
small degree; so also does the current from the 
photo-electric cell which actuates the galvanom 
eter. One can think of these currents together as 
a constant and one which changes with the 
density of the image. This constant current is 
a disturbing factor and is advantageously re 
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noved by an equal, opposed current in the gal 
vanometer. This is derived from the photo 
electric cell J or K. A correct magnitude of the 
current is Secured by a diaphragm N or O or 
by the resistance RJ or R.K. 
A further possibility for producing the aux 

iliary energy is shown in Fig. 6. Here the light 
that is transmitted through the film and the ill 
uminating light are so close to each other that 
they in part overlap, whereby the auxiliary en 
ergy is produced. The current is adjustable by 
a diaphragm P placed in front of or behind the 
in F. For this purpose the diaphragm can be 
laterally displaced. Advantageously the dia 
phragn) has reflecting faces. This illuminating 
device has the advantage that it is very Simple 
and Operates very quickly. Obviously instead of 
a single source of light for producing the trans 
mitted rays and for the illumination there may 
also be used two sources of light. 
What we claim is: 
An apparatus for exposure control comprising 

in combination a source of light for Scanning a 
picture, a photo-electric device which receives 
the light varying in intensity with the density 
of said picture thereby causing a variation of an 
electric current, a galvanometer deflected in ac 
cordance with said variations of electric current, 
a mirror provided on said galvanometer, a sec 
ond source of light projecting a pencil of light 
on said mirror, said pencil of light being reflected 
by said mirror, a series of photo-electric devices 
arranged one beside the other within the reach of 
said reflected pencil of light at a distance Smaller 
than the breadth of the reflected pencil, relays 
arranged in a circuit with said photo-electric de 
vices, a further series of relays actuated by Said 
first named relays, a source of light for exposing 
a photographic layer, a resistance arranged in a 
circuit with said source of light and Switches ac 
tuated by said relays for switching on and 
switching off parts of said resistance for vary 
ing the intensity of said source of light for ex 
posing said layer in accordance with said va 
riations of electric currrent, a wire coil arranged 
on the relay situated farthest towards the end 
of the reach of said reflected pencil of light when 
said mirror is most deflected, and Switches actu 
ated by said wire coil for keeping Switched off 
the Whole resistance in the circuit of Said Source 
of light for exposing Said layer when said re 
flected pencil of light passes beyond the last 
photo-electric device of said series. 

JOHN EGGERT. 
HANS FRIEDRICH NISSEN. 
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