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(GRANTED UNDER THE PROVISIONS OF THE ACT OF MARCH 3, 1821, 41 STATY. L, 1813.)

This invention relates to photographic
shutters, and is adapted more particularly
to the type which is provided with a variable
diaphragm opening, and means for regulat-

5 ing the “speed” or duration of exposure.

In shutters of this type considerable
knowledge and skill has been required on
the part of the operator to enable the proper
adjustments to be made to ensure a correct

10 exposure under all conditions and it has
also been necessary to make a plurality of

adjustments for each exposure. In order.

to take care of the various factors affecting
the duration of the exposure such as the
15 actinic intensity of the light, the “speed” or
sensitiveness to light of the sensitized sur-
face, the diaphragm aperture and the focal
adjustment, it has been necessary to make
various caleulations or to refer to tables,
20 The present invention aims to overcome these
difficulties and to provide mechanical means
by which compensation is made auto-
matically for the various factors involved
and in which the required adjustment of the
25 shutter to secure correct exposure under
given conditions is accomplished with cer-
tainty and in the simplest possible manner.
By the use of the invention the necessity of
reference to tables and the making of cal-
30 culations by the operator is eliminated as the
calculation of and compensation for the va-
rious factors is performed mechanically by
the instrnment itself.
The general theory upon which the in-
35 vention is based is as follows: Tt may readily
be shown that to produce correct exposure of
a photographic sensitized surface the condi-
tions of exposure must conform approxi-
mately with the following equation:

I (TD*/KNL?) = I (T/KNF?) = 1.

where I is the actinic intensity of the light
_entering the camera, T the duration of ex-
posure;, D the diameter of the diaphragm
aperture, N a number directly proportional
to the duration of correct exposure of the
vensitized ~surface under certain specified
conditions, L the distance from the dia-
phragm aperture to the sensitized surface,
and K a numerical factor, depending on the
units employed in measuring the other quan-
tities involved in the equation. The quan-
tity within the brackets, which will be re-
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ferred to as the Equivalent exposure, must

therefore be the reciprocal of the actinic in- 55

tensity of the light passing through the dia-
phragm aperture, in order that correct ex-
posure of the sensitized surface may be
effected. Since all the quantities in the

above equation, with the exception of I, 60

may readily be determined with consider-
able accuracy, it follows that if I can be
correctly estimated the problem of determin-
Ing any proper adjustment of the shutter

required to produce correct exposure be- 65

comes a matter of simple numerical calcula-
tion. - The main object of the present inven-
tion ig to enable correct adjustment of the
shutter to be secured quickly and in a simple

manner, the underlying mathematical prin- 70

ciple of the more important features of the
invention being that of multiplication and
division by the mechanical addition and sub-
traction of logarithms, as employed in the

operation of the common slide rule. Fur- 75

ther objects are to render photographic shut-
ters more efficient and satisfactory and
simple in operation than heretofore. The
particular nature of the improvements in-

volved in the invention and various specific 80

objects and advantages attained, will be

brought out more fully in the course of the .

following description.
For the purpose of illustrating the nature

of my invention, I have shown the same as 85

applied to and embodied in a well-known
commercial form of automatic shutter as a
type, but the invention is not restricted to
that type of shutter as it may be adapted to

any other type of shutter, which will enable 90 -

the objects 1n view to be accomplished. The
particular structural embodiment of the in-
vention shown in the drawings and described
in the specification is also to be understood

merely as illustrative of a preferred form 95
of mechanism and various changes may be , .

made therein to suit particular shutter strue-
tures or to accomplish particular results, as
may be found necessary or desirable.

- In the accompanying drawings, Figure 1
is a front elevation of a shutter of the type
shown in TU. :S. patent to Brownell, No.
853,000, dated May 7, 1907, having the in-
vention applied thereto. Figure 2 is a bot-
tom plan view of the shutter shown in Fig-
ure 1. Figure 3 is 4 front view of the shut-
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ter with the cover or front plate, parts

. carried by said plate and certain other parts

omitted, so as to illustrate particularly a
art of the speed regulating mechanism.
igure 4 is a view showing the preferred

arrangement of .the diaphragm leaves, dia-

phragm adjusting ring and diaphragm cas-
mng. Figure 5 is a vertical central section
of the shutter, parts being omitted. Figure

6 is a horizontal central section of the

shutter, parts being omitted. Figures 7, 8,

9 and 10 are detail views in elevation of dif-

. ferent adjustable ring members carried on
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the face plate of the shutter. Figure 11 is
a detail view of a preferred form of dia-
phragm leaf. Figure 12 is a sectional view
of the ring member shown in Figure 8. the
section being taken on line XII—XII of
said figure. Figure 13 is a sectional view
taken on line XIIT—XIIT of Figure 7. All
elevations are shown as viewed from the
front.

The description of the present invention
will be very much condensed and rendered
more precise by employing the following
terms which will be used in accordance with
the definitions here given:—

Logarithmic scale—A scale in which the
separation between any two divisions is pro-
portional to the arithmetical difference be-
tween the logarithms of the numbers corre-
sponding to the said two divisions. The
separation is to be measured as a distance
or an angle according to whether the scale
is straight or circular. “v

Constant of logarithmic scale—The sepa-
ration, linear or angular, between divisions
corresponding to numbers having the ratio
2:1. The constant is reckoned positive when
increasing numbers occur in travelling from
left to right in linear scales, or in clockwisg
direction in circular scales: and vice versa.

Logarithmic motion—A member is said
to move in a logarithmic manner with re-
spect to a variable quantity when its posi-
tion depends on the value of the said
variable quantity, and the separation, linear
or angular, between any two positions of the
said member is proportional to the arith-
metical difference between the logarithms of
the two values of the said variable quantity
corresponding to the two said positions of
the said -member.

Constant of logarithmic motion—The
separation, linear or angular, between two
positions of a member having a logarithmic
motion with respect to a variable quantity,
the values of the variable quantity corre-
sponding to the two said positions of the
said member having the ratio 2:1. The
constant is reckoned positive in the case of
linear motion when motion from left to
right corresponds to increasing values of
the variable quantity: is reckoned positive
in the case of angular motion when a clock-
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wise motion of the movable member corre-
sponds to increasing values of the variable
quanty: and vice versa.

It is not deemed necessary to illustrate
and describe in detail the characteristics of
the particular type of shutter shown as
these are well known and a full description
of the shutter is to be found in United
States Patent No. 853,000 granted May 7,
1907 to Frank A. Brownell. The general
characteristics of the shutter are that it has
means for controlling the speed of operacion

'so 8s to produce variable automatically

timed exposures and that it also has mecha-
nism by which the shutter may be actnated
to produce ““bulb” and “time” exposures,
the control of the automatically timed ex-
posures and the setting of the shutter mecha-
nism to cause it to produce “bulb” and
“time” exposures being effected by the move-
ment of a single regulator. The shutter also
has adjustable apertures forming means in
the shape of an iris diaphragm.

Referring to the drawings and particular-
ly to Figures 1 to 6 the general features of
the shutter illustrated comprise a casing 1,
including a cylindrical side wall 2, back 8,
face plate 4, intermediate plate 5 and dust
guard 6. Between the intermediate plate 5
and the back of the casing are mounted the
shutter blades 7. In the type of shutter
illustrated, two devices for actuating the
shutter to cause an exposure are provided,
one consisting of a cylinder shown at 8§ in
Figures 1 and 6 in which works a piston
(not ‘shown) which eperatively engages a
lever 9 (Figure 3) connected through suit-
able mechanism to the shutter blades. The
usual rubber tube and bulb (not shown) are
connected to the cylinder 8 for producing
pressure to operate the piston. The shutter
is also provided with a finger piece 10 piv-
oted at 11 and having a notch 12 cngaging
the end of the lever 13, the other end of
which engages a pin 14 which is carried by
the lever 9. The operation of the finger
piece 10 will, therefore, also actuate the shut-
ter. The mechanism by which the shutter
blades are actuated is that employed in the
shutter particularly described in Patent No.
853,000 above referred to and need not there-
fore be particularly described herein. The
means employed in this shutter for securing
variable automatically timed exposures, com-
prise a fluid check cylinder or dash pot 15
in which works a piston (not shown) which
is actuated by the lever 16 (see Figure 3),
the resistance thus caused acting on the shut-

‘ter operating devices through linkage as de-

scribed in said Patent No. 853,000 so. as to
delay the closing of the shutter.

The extent;:,

70

75

80

00

100

110

115

120

125

of retarding action is varied by movement of -

“a bell-crank lever 17. The adjustment of

the shutter mechanism to produce “bulb” or
“time” exposures is brought about by the
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movement of a link 18 which causes certain
stops to be brought into operative position
as described in said patent. The lever 17
and link 18 are pivoted together at 19 and
to this pivotal point is connected an operat-
ing lin}: 23, the movements of which will
determine the duration of automatically
timed exposures and will also bring about
the adjustment of the shutter mechanism to
produce “bulb” or “time” exposures. All of
the construction thus far described corre-
sponds in form and action to the mechanism
described in said Patent No. 853,000 and no
further description thereof is deemed neces-
sary.

’I)"he first feature of the present improve-

ment to be described comprises the means

for controlling the shutter actuating mech-
anism, which is accomplished by the move-
ment of the link 28. The mechanism is as
follows:

A bracket 24 (Figures 3 and 5) is rigidly
attached to the inner surface of the cylindri-
cal casing 2. An adjustable plate 25 is piv-
oted at 26 to the bracket 24, and is connected
by means of a pivot 27 to the link 23. Tho
said adjustable plate 25 and an oscillatory
plate 28, mounted so that it may be turned
about the dustguard 6, cooperate through the
medium of a pin or stud 30 on the adjustable
plate 25 and a slot 31 formed in an extended
portion of the oscillatory plate 28, in which
slot the said pin or stud 30 engages.

‘The said slot 31 comprices three portions,

;313,’_____‘311)’ 311)___310, and 31“—31‘1, which are

produced preferably as now described. Ar-

range the adjustable plate 25 in the position

shown in Fig. 3, and make the link 23 of
such a length that this position of the ad-
justable plate 25, which controls the posi-
tion of the said link 23, shall correspond
with that adjustment of the time regulat-

- ing mechanism of the shutter which will re-

(=]
<«

sult in automatically timed exposures of
the greatest duration which the said time
regulating mechanism of the shutter is capa-
ble of controlling. Call the duration of
this exposure T!. Now place the oscilla-
tory plate 28 in the position shown in Fig.
3, with the slot 31 still uncut, and mark on
the plate 28 the position of the stud 30. This
position on the plate 28 will be referred to
as position P,. Now rotate the adjustable
plate 25 about the pivot 26 in a counter-
clockwise direction until the speed control
mechanism is adjusted to give an automati-
cally timed exposure of duration T*/2, that
is one-half of the duration of the first ex-
posure. Now rotate the oscillatory plate
98 in a clockwise direction through an an-
gle A, say about 5°, mark on the plate 28

the position of the stud 30, and call this.

position P,. Now rotate the adjustable
plate 25 about the pivot 26 in a_counter-
clockwise direction until the speed -control

!

mechanism is adjusted to give an automati-
cally timed expcsure of duration' T,/4.
Then rotate the oscillatory plate about the
dustguard 6 in a clockwise direction
through a further angle A, so that its po-
sition differs from its original position P,
by un angle 2A, and mark on the said oscil-
latory plate 28 the position of the stud- 30,
and call this position P,. Continue this
process, locating positions P,, P,, ete., cor-
responding to adjustments of the plate 25
which will give automatically timed expo-
sures of durations T,/8; T, /16, etc., the last
of these positions located corresponding to
the shortest -of this series of durations of
automatically timed exposures which the
speed control mechanism is capable of ef-
fecting. Now cut the slot portion 81°—31°,
with the smooth curve, drawn through the
positions Py, P,, etc., lying evenly along the
axis of said slot portion. This slot portion
31>—31"> now has the desired form. Since
the stud 80 travels in the slot 31, the angu-
lar position of the adjustable plate 25 may
be ‘controlled by adjusting the position of
the oscillatory plate 28, and the speed con-
trol thus depends on the angular position
of the oscillatory plate 28. It will be seen
that the form of the slot portion 31*—31°
results in the plate 28 having a logarithmic
motion with respect to the variable speed
setting of the speed control mechanism over
that range over which the stud 30 travels
in the slot portion 31>—31®. The angular
constant of the said logarithmic motion is 100
—A. Of course, the form of slot required

to produce the stated results in any par-
ticular type of shutter having been once
determined in the manner set forth or in
any other suitable manner, the construction 105
may be reproduced in quantities by any ap-
propriate manufacturing process.

The slot portion 31*—31" is now con-
tinued over the range 31>—31° to permit
the speed regulation of the shutter to be set 110
for “bulb” and “time” exposures. * The pre-
cise form of the slot portion 31"—31° is not
important with respect to the present in-
vention, so long as 1t is of such a character
as to cause the link 23 to move so as to 116
bring the shutter controlling devices into
position to produce “bulb” and “time” ex-
posures. ' :

Now continue the slot 31 from the powmt
31* to 31¢ along the arc of a circle having 120
the central axis of the shutter as a centre.
This concentrically produced slot portion
increases the usefulness of the mechanism
by enabling it to be employed for the cal-
culation of the duration of “bulb” ana 125
“time” exposures, as will be explained later.

" Leaving the speed mechanism for the
present, reference will now be had more
articularly to Figures 4 and 11, illustrat-

ing part of the diaphragm mechanism,com- 120
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prising overlapping leaves 32 which are so
constructed and arranged as to provide a
variable diaphragm aperture 33. The dia-
phragm leaves under the present invention
are desirably, but not necessarily, of ap-
proximately the form shown in Figures 4
and 11. The diaphragm leaves arc ar-

_ranged in an overlapping manner asshown,

and are pivoted at 34 to the diaphragm
casing 85, (Figures 4, 5 and 6) which has
an cpening 36 to which the said diaphragm
leaves are rendered adjustable. To the lat-
ter end the diaphragm leaves are provided
with pins or studs 37 which engage in slots
38 in the rotatable adjusting ring 89. The
diaphragm leaves are placed in the space
between the back 3 of the main casing 1 of
the shutter and the diaphragm casing 35.

The preferred manner of laying out the
slots 88 in the rotatable adjusting ring 39
is as follows: The overlapping diaphragm
leaves 32, pivoted at 34 to the diaphragm
casing 35, are first adjusted so that the area
of the diaphragm aperture 33 has its maxi-
mum value. The rotatable adjusting ring
39, with the slots 38 still uncut, is then
placed in position over the diaphragm
leaves, and the positions of the studs 37 are
marked on the said rotatable adjusting ring.
Call these positions p*, p¥, p*’’, etc. Now
rotate all the diaphragm leaves in an equal
manner about their pivots 34 until the area
of the diaphragm aperture is %4 the-maxi-
mum value previously referred to. Then
rotate the rotatable adjusting ring 89 in a
counterclockwise direction through an angle
A, this angle A being the same as that con-
sidered and similarly designated in deter-
mining the form of the slot portion 31*—31°
in the oscillatory plate 28. Then mark on
the rotatable adjusting ring 39 the positions
now occupied by the studs 37, and call these

ositions p?, %, p*”’, etc. Now rotate the
giaphragm leaves about their pivots 34 in

5 an equal manner until the area of the dia-

phragm aperture is 14 the maximum value
previously referred to. Then rotate the ro-
tatably adjusting ring 39 in a counterclock-
wise direction through a further angle A,
so that its angular position now differs from
its original angular position, in accordance
with which the positions p?, p¥/, '/, etc.
were located, by an angle 2A. Then mark
on the rotatable adjusting ring 39 the posi-
tions now occupied by the studs 37, and
call these positions 2%, p¥, p*’’, ete. Con-
tinue this process until the smallest aperture
for which the diaphragm has been reached
in the series, positions p*, p¥, p*/ . . ., P%
¥, p¥’’ . ., ete., being located, correspond-
ing to areas of the diaphragm aperture
equal to 14, %, etc. of the maximum area
previously referred to, and to positions of
the rotatable adjusting ring 39 which cor-
respond to angular displacements 3A, 4A,

1,628,098

etc., measured in a counterclockwise direc-
tion from the original position of the ro-
tatable adjusting ring 39, in accordance with
which position the points p?, p¥, p*’, etc.,
were located. A series of smooth curves.
are then drawn on the rotatable adjusting
ring 39 passing through the position 2, %
P .. pv, p¥, p¥, .., ete. Slots are then
cut in the rotatable adjusting ring 39 having
these smooth curves as axes, and these slots
have the desired form.

It will be seen that the form of the slots
38 in the rotatable adjusting ring 39, deter-
mined in the manner described above, will
result in the said rotatable adjusting ring
having a logarithmic motion with respect to
the variable area of the diaphragm aperture,
the constant of the said logarithmic motion
with respect to the said area of diaphragm
aperture being +-A. (It should be noted
that while the constant of the said loga-
rithmic motion with respect to the area of
the said diaphragm aperture is 4-A, the con-
stant of the said logarithmic motion with
respect to the f-value of the said diaphragm
aperture will be —2A, since the area of the
diaphragm aperture is inversely propor-
tional to the square of the f-value. Also
that ‘the constant of the said logarithmic
motion with respect to the U. S. values of
the diaphragm apertures will be —A, since
the U. S. values of diaphragm apertures are
inversely proportional to the areas of the
apertures.) _

Taking up now the devices for manipulat-
ing the shutter speed controlling and dia-
phragm actuating rings and referring par-
ticularly to Figures 8 and 5, it will be seen
that the adjustable plate 28 has an extended
portion of arm 41, bent as indicated in Fig-
ure 5. The face plate 4 is cut away at the
edge at 42, allowing the said arm 41 to pro-
ject beyond the casing of the shutter, and
to be rotated about the dustguard 6. By
means of the projecting arm 41 the position
of the oscillatory plate 28 may be adjusted
from the outside of the shutter. Similarly,
referring to Figures 2, 4 and 5, the dia-
phragm adjusting ring 39 has a projecting
arm 43, bent as indicated in Figure 5. The
diaphragm casing 35 is cut away at 44,
allowing the arm 43 to project beyond the
casing of the shutter, and permitting the
adjusting ring 39 to be rotated. By means
of the arm 43 the angular position of the
adjusting ring 39 may be controlled from
the outside of the shutter.

Passing now to the outside of the shutter,
(Figs. 1, 5 and 6) a collar 45 is screwed into

“the face plate 4, and acts as an annular bear-

in{f for certain rotatable members, which
will be described. A member 46, (Figs. 5, 6
and 7) consisting essentially of a flat ring
with a projecting arm 47, is placed immedi-
ately above and in contact with the face
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¥late 4. A riember 48, preferably of the’

orm shown in Figs. 8 and 12 lies above and
in contact with the member 46. The mem-
ber 48 has three projections 49 which lie in
light contact with the collar 45, and kee

‘the member 48 concentric with the said col-

lar. The inner edge of the member 48 has
bevelled portions 50, lying between the pro-
jections 49. The member 46 has three hooks
51, bent us indicated in Fig. 5, two of which
are carried at the extremities of prongs 52
(Fig. 7). By bowing-in the prongs 52 the
hooEs 51 may be made t0 engage with the
bevelled edges 50, the resulting outwardly
directed tension -on the said prongs causing
the hooks 51 to grip the bevelled edges 50
firmly, thus holding the two members 46
and 48 in the same relative position unless
considerable force is ‘applied to alter the
relative angular adjustment of the said two
members by causing the hooks 51 to slide
along the bevelled edges 50. The arm 47 is
rigidly attached to the arm 41 by means of
the screw 53, (Fig. 5), these two arms,
when thus attached, constituting the speed
regulator of the shutter.

he two members 54 and 55, preferably

- of the form indicated in Figs. 9 and 10 re-

30

spectively, consist essentially of flat rings
with propecting arms 56 and 57. The said
members 54 and 55 lie in contact with each

- other, and the member 55 lies in contact

40

45

50

with the member 48. The member 54 is
maintained concentric with the collar 45 by
means of the projections 58, and the two
members 54 an(f 55 are normally maintained
in the same relative angular position by
means of a friction device consisting of hooks
59 on spring prongs of the member 55 travel-
ling on bevelled edges 60 of the member 54,
this device being similar to that employed
in maintaining fixed the relative angular
positions of the members 46 and 48. 'The
arm 57 is rigidly secured to the arm 43 by
means of the screw 61 (Fig. 5) and the said
two arms 57 and 43 when thus secured con-
stitute the diaphragm regulator of the
shutter.

The diaphragm scale plate 62 (Fig. 1) is
supported in a raised position above the
face plate 4 by means of the pillars 63 and
the screws 64. '
plate 65 is secured in a raiced position above
the face plate 4 by means of the pillars 66
and the screws 67.
~ The arm 47, which constitutes part of the
speed regulstor, has attached to it the

- thumb clamp 68 (Figs. 5, 7 and 13), which

60

is supported at 69 in such a manner that
when the outer end of the said thumb clamp
and the outer end of the speed regulator are
ressed together between the thumb and
orefinger the resulting pressure of the.end

68* of the said thumb clamp, acting on the '

member 54, will cause the members 46, 48,

Similarly the time scale

54 and 55 to become temporarily locked to-
gether and incapable of relative angular
motion. - Under these circumstances any
angular displacement communicated to the
speed regulator will be accompanied by a
corresponding angular displacement of the
diaphragm regulator. When however the
prezsure of the thumb and forefinger is re-
lieved, the pressure of the part 68* on the
part 54 is also relieved, and the relative
motion of the members 46, 48, 54 and 55 is
not under constraint due to the thumb
clamp 68.

70

75

The time scale plate 65 has engraved upon -

it the scale 70°—70¢ (see Fig. 1), which is

80

composed of three scale portions, 70°—T0°,

70>—70°, and 70°—70%. 'The scale portion
70°—70" is logarithmic with a constant —A,
the value of the angle A being the same as
that employed in determining the form of
the slot portion 31*—31°>., The numbers
marked upon the scale portion 70°—70° cor-
respond to durations of automatically timed
exposures which the speed regulating mech-
anism of the shutter i1s capable of control-
ling, in this particular case from 1/100 sec.
to 1 sec. The scale portion 70*—T0¢ is a
continuation of the logarithmic scalé portion
702—70°, the scale from 70" to 70° being a
continuous logarithmic scale having a con-
stant —A. The values indicated on the
scale portion 70°—T70¢ are greater than the

.duration of the longest antomatically timed

exposure which the speed regulating mech-
anism of the shutter is capable of control-
ling. This scale portion 70°—70¢ is for the
purpose of increasing the usefulness of the
shutter by enabling it to be used for the cal-
culation of the durations of “bulb” and
“time ” exposures. The scale portion 70°—
70° contains the markings “B” and “T.”
The thumb clamp 68 has engraved upon it
the speed indicator 71, which in conjunction
with the scale 70°—70* indicates the adjust-
ment of the speed regulating mechanism of
the shutter. The relative position of the
speed indicator 71 and the logarithmic scale
portion 70>—70¢ is so arranged that correct
durations of automatically timed exposures

"are shown when the speed indicator 71 is

in alignment with any part of the scale. por-
tion 70*—T70° This is rendered possible by
the fact that the constant of the said loga-
rithmic scale portion is identical with the
constant of the lo

speed indicator Wi(’i' respect to the duration
of automatically timed exposures as deter-
mined by the form of the slot portion 31*—
31° both constants having the value —A.
The markings “B” and “T?” are so ar--
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ranged that the speed indicator 71 cooperat- .

ing with said markings will show when the
speed control mechanism of the shutter is
adjusted for “bulb” or “time” exposures,
by comjng into alignment with the marks
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s
“B” or “T” respectively. The ;;)1‘eci_se
position of the marks “B” and “T” will

thus depend on the form of the slot por-
tion 81°—31°. It will be seen that when the
speed indicator 71 is in alignment with the
scale portion 70>—70° the stud 30 lies in the
slot portion 81*—31>. When the said speed
indicator 71 is in alignment with the scale
portion 70°—70¢ the stud 29 lies in the slot
portion 31°—31¢,

The oscillatory plate 28 has a projecting
portion 28* (see Fig. 3) which is so arrangeil
that when the speed indicator 71 is in align-
ment with the scale portion 70>—70¢ the said
projecting portion 28 cooperates with the

pin 14 in such a manner that the mechanism-

operated by the finger piece 10 or lever 9
cannot be tripped and the shutter blades 7
cannot be operated. This provides a lock
or check against premature or incorrect ex-
posure, as will be explained later. It is fo
be noted that Figs. 1 and 3 show the pin
14 in the position it attains when deflected
to the limit of its motion by the operation
of the finger piece 10. The outer edge 28"
of the extended portion 28% of the oscillatory
plate 28 is so arranged that it just clears
the pin 14 when the said oscillatory plate
28 is rotated and the pin 14 lies in its un-
deflected position. ‘

The diaphragm scale plate 62 has marked
upon it the diaphragm scale 72*—72" (see
Fig. 1). This diaphragm scale is logarith-
mic in character, and has a constant —2A
if the f-system of diaphragms stops is to be
indicated, or a constant —A if the U. S.
system of diaphragm stops is to be indicated.
The diaphragm scale 72*—79" is shown in
Fig. 1 as indicating f-values of diaphragm
stops. The precise position of the scale
79279 on the diaphragm scale plate 62 is
not important, but is preferably arranged
as shown in Fig. 1. :

The member 55 has marked upon it, pref-

' erably arranged as shown in Fig. 10, the

logarithmic focal length scale 73*—T73°
which has a constant —2A. The member
54 has an aperture or window- 74 which is
so. arranged that when the two members 54
and 55 are mounted in position -on the shut-
ter as shown in Fig. 1 the indications on the
scale 73>T73" are disclosed through the win-
dow 74. The arm 56 has marked upon it
the diaphragm indicator 73, preferably ar-
ranged as shown. A focal length indi-
cator 76 is arranged opposite the middle of
the aperture 74 The position of the focal
length indicator 76 and the aperture 74
is so arranged that when the diaphragm in-
dicator 75 1s in alignment with the mark 16

‘on the diaphragm scale 72*—T72" the diam-

eter of the corresponding diaphragm aper-
ture 33 is {4 the value of the number indi-
cated by the focal length indicator on the
scale 78*—73b This method of locating the
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Eosition of the focal length indicator 76 may
e employed whether the f-system or the
U. S. system of diaphragm stop notation is
employed in the scale 72*—T2b,

The member 54 has marked upon it the
logarithmic scale 77*—77® which has a con-
stant —A. This scale 77*—77" will be re-
ferred to as the equivalent exposuretscale.
The equivalent exposure indicator T8 is
marked upon the member 48 in such a posi-
tion that it may be employed to indicate
values on the equivalent exposure scale
T72—77>. The method of determining the
correct relative position of the equivalent ex-
posure indicator 78 and the equivalent ex-
posure scale T7*—T77" will be explained later.

The member 46 has marked upon it the
logarithmic scale 79°—79* (Fig. 7). This
scale will be referred to as the plate number
scale. 'The constant of the scale 79*—79P
will depend on the system adopted for the
numerical indication of the speed of sensi-
tized surfaces, this scale 79°—79" being em-

ployed for indicating speeds of sensitized

surfaces for which the shutter adjustments
are compensated. In general, if the speed
of sensitized surfaces is indicated by num-
bers proportional to the nth power of the
speed, the constant of the plate number scale
will be —A/n. The scale 79*—79®, shown in
Fig. 7, corresponds to plate numbers in-
versely proportional to the speed of sensi-
tized surfaces, the system of numerical indi-
cation of speed being such that the numbers
on this system indicate the duration of cor-
rect exposure of the corresponding sensitized
surfaces when thesé surfaces are exposed at
a diaphragm aperture of /32 (i e. U. S.
64), the subject photographed being an aver-
a%;a landscape illuminated by strong sunlight.
This system of plate numbers corresponds
with the numbers given in the “Wellcome
Photographic Exposure Record and Diary,”
1916, Table B, column 1, and is well known
to those skilled in the art. Since the num-
bers are inversely proportional to the first

power of the speed of the corresponding sen-.
.sitized surfaces it follows from the general

rule given above that the constant of the
plate number scale 79*—79° must be +A,
since n is equal to —1. The member 48
has an aperture or window 80, arranged
so that. when the two members 46 and 48
are in position on the shutter, as shown in
Fig. 1, indications on the scale 79*—79" will
be disclosed through the said aperture 80.
The plate number indicator 81 is placed op-
posite -the middle of the aperture 80, and
is arranged to cooperate with the plate num-
ber scale 79*—T79P, indicating values thereon.
The method of determining the correct rela-
tive position of the plate number indicator
81 and the plate number scale 79*—79* will
be explained later.

The time scale plate 65 has marked upon
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it the descriptive illumination scale 82°—82*,
containing descriptive indications of the na-
ture of the illumination of the subject to be
sition of these
descriptive indications will depend upon the
exact meaning which is attached to them.
1f they are to have the same meaning as is
attached to them in the construction and
operation of the well known Autotime Scale
manufacured by the Eastman Kodak Co.,

then the same descriptive indications are to.

be placed opposite the same numbers on
the time scale as is done in the construction
of the: Autotime scale. This method has
been adopted in locating the indications on
the descriptive illumination scale 82*—82°,

The member 48 has a tongue 83 cut in
it, and this tongue 83 is bent into the form
shown in Fig. 12. The two members 54 and
55 have slots 84 and 85 cut in them, which
slots are so arranged with reference to the
tongue 83 that when the three members 48,
54, and 55 are in position on the shutter,
as indicated in the drawings, the tongue 83
may project up freely and without friction
through the said slots 84 and 85. In this

~way the extremity of the tongue 83 is
- brought into view and made accessible from -

the outside of the shutter when all the mem-
bers are in -position, as shown in Fig. 1.
The tongue 83 has marked upon-it the de-
scriptive illumination indicator 86, and the
tongue 83 is bent so that the descriptive
illumination indicator 86 may cooperate
with, and indicate values on, the descriptive

‘ illumination scale 822—82b,

40

458

50

65

The method of locating the relative posi-
tions of the plate number indicator 81 and
the plate number scale 79 may now -be con-

cidered. Since the relative angular position

of the two members 46 and 48 is main-

tained by the friction device consisting of .

the hooks 51 engaging with the bevelled
edges 50, it is obvious that the relative angu-
lar position of the said two members 46 and
48 may be altered. Grasp the tongue 83
and the speed regulator in the two hands
and alter the relative angular position of

the two members 46 and 48 until the descrip-

tive ‘illumination indicator 86 is in radial
alignment with the speed indicator 71.
When this adjustment has been effected the
plate number indicator 81 must indicate on
the plate number scale 79°-—79® the plate
number of that sensitized surface in con-
junction with which the Autotime scale is
designed to be used. This follows, since
the alignment of the indications on .the de-
scriptive illumination scale 82*~—82¢ and the

indications on the scale portion 70*~—T70b is

made to correspond with that of the Auto-
time scale, as explained above. The above
described ogeration is therefore the test by
means of which the correct relative position
of the plate number indicator 81 and the

27

plate number scale 79*-—79® must be deter-
mined. ‘ ’ '

The method of determining the correct
relative position of the equivalent exposure
indicator 78 and the equivalent exposure
scale 77*—77° may now be considered. It is

70

first necessary to adopt some arbitrary unit .

of the actinic intensity of the light entering

‘the camera, this being determined by the

combined effect of the character of the sub-
ject being photographed and the illumina-
tion of the said subject. For this purpose
the actinic intesity of the light passing
through the diaphragm aperture, when an
average view illuminated by clear strong
sunlight is being photographed, may be

>

80

taken as unity. This is the same actinic’

intensity of light as is employed in deter-
mining the plate numbers of sensitized sur-
faces in the system of p.ate numbers arbi-
trarily adopted. The plate numbers ex-
ressed in this arbitrary system are there-
ore numerically the same as the durations
of correct exposures when the corresponding
sensitized surfaces are exposed at an aper-
ture f-32 (U. S., 64), and the actinic inten-
sity of the light passing through the dia-
phragm aperture is unity. The equivalent

85

90

exposures when sensitized surfaces are ex- -

posed in this manner must be unity, by the
equation given in dealing with the theory
of the invention, since the actinic mtensny
of the light entering the diaphragm aper-
ture is unity, and the exposure is correct.
Therefore to determine the correct relative
position of the equivalent exposure indi-
cator 78 and the equivalent exposure scare
T(—77, set the diaphragm indicator 75 at

" 7-82 (U. 8., 64), and set the speed indicator

71 opposite the same number on the time
scale 70~—70* as the plate number indicator
81 points to on the plate number scale 79—
79" and locate the equivalent exposure indi-
cator 78 opposite the number 1 on the equi-
valent exposure scale 77*—77°. The equiva-
lent exposure indicator 78 and the equ.va-
lent exposure scale 77>—77* will then have
the required relative position. This is evi-
dent, since the adjustment of the shutter ob-

viously conforms to the conditions ex-'l

pressed by the equation given in dealing
with the theory of the invention.

The diaphragm scale plate 62 has marked
upon it the descriptive subject scale 87—87,
which comprises descriptive indications re-

- ferring to subjects which it may be desired

to photograph.. The precise position. of the
descriptive mdications will depend upon the
exact meaning which is assigned to them. It
will be convenient to adopt the same mean-
ing as is assigned to them in the construc-
tion and operation of the Autotime scaie,
and te place them in alignment with dia-
phragm values indicated on the diaphragm
scale 72°—72* which ccrrespond with the
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diaphragm values with which they are
placed in alignment in the construction of
the Autotime ccale. This method of locat-
ing the said descriptive indications has4een
adopted in Fig. 1.

The practical operation of the shutter
may now be considered. Before using the
shutter two preliminary adjustments are
necessary. First, the relative angular posi-
tion of the two members 54 and 55 is ad-
justed by means of the diaphragm regula-
tor and the arm 56 so that the focal length
indicator 76 points to the value on the focal
length scale 78*—73" corresponding with the
focal length of the lens which is to be used
with the shutter. If, after this preliminary
adjustment has been cffected, the diaphragm
regulator be moved so as to cause an alter-
ation in the area of the diaphragm aper-
ture 33, the diaphragm indicator 75 will
move with the diaphragm regulator, since
the relative angular position of the two
members 54 and 55 remains fixed under the
control of the friction device previously de-
scribed. Under these conditions the dia-
phragm indicator 75 will indicate correct
diaphragm values on the diaphragm scale
79:—72" over the whole range of possible
adjustment of the area of the diaphragm
aperture 33. No further adjustment of the
relative angular position of the members 54
and 55 will be necessary as long as the dis-
tance from the diaphragm aperture to the
sensitized surface remains approximately
the same as the focal length of the lens for
which the first compensating adjustment,
described above, was made. If however,
nearby objects are to be photographed,

" necessitating an increase in the distance

40

from the sensitized surface in order to secure
sharp focussing, or if one combination of
the lens is to be used alone, resulting in a

- greater equivalent focus, then the relative

45

60

60

angular position of the members 54 and 55
will have to be adjusted until the focal
length indicator 76 points to the value on
the focal length. scale 78*—T73® correspond-
ing to the actual working distance of the
diaphragm aperture from the sensitized
surface.  Whenever the value indicated by
the focal length indicator on the scale 73*—
73" corresponds to the actual working dis-
tance of the diaphragm aperture from the
sensitized surface the dia}ilhragm indicator
75 will indicate true diaphragm values on
the diaphragm scale 72*—72° over the whole
range of its possible motion.

The second preliminary adjustment con-
sists of altering the relative angular posi-
tion of the members 46 and 48 by means of
the speed regulator and the tongue 83 until
the pIiate number indicator 81 indicates on
the plate number scale 79*—79" the value of
the plate number of the sensitized surface
which it is desired to expose. Any subse-
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quent alteration of the speed adjustment of
the shutter by means of the speed regulator
will not alter the relative angular position
of the two members 46 and 48, since their
relative angular position is maintained fixed
by means of the friction device previously
described.

These two preliminary compensating ad-
justments having. been effected, the shutter
is ready for practical operation.

The operator now has the choice of two
independent methods of effecting the proper
adjustment of the reguldtors ot the shutter

70

in order to secure correct exposure of the .

sensitized surface, the first method involv-
ing the use of the descriptive scales 87—
87> and 82*—82b and the second involving

the use of the equivalent exposure scale’

77,
Adopting the first method of operation, the
diaphragm regulator is rotated until the

diaphragm indicator 75 is in radial align-

ment with the descriptive indication on the
dezcriptive scale 872—87®, corresponding to
the subject which it is desirea to photograph.
The speed regulator is then adjusted until
the descriptive illumination indicator 86
is in radial alignment with the descriptive
indication on the descriptive scale 82*-82°
corresponding to the illumination of the sub-
ject which it 1s desired to photograph. Asa
result of these two adjustments the op-
erator has secured one particular combina-
tion of adjustments of the speed regulator
and diaphragm regulator which will enable
him to secure correct exposure of the sen-
sitized surface. If now the ends of the
thumb clamp 68 and the speed regulator be
pressed together between the thumb and
forefinger, and the caid speed regulator be
swung into any new angular position, the
diaphragm regulator will experience a simi-
lar angular displacement, since the action of
the thumb clamp 68 prevents any relative
angular motion of the speed regulator and
diaphragm regulator, as has been explained.
It may readily be seen that, provided the
speed indicator 71 remains adjacent to the
scale portion 70*—T70® during.this operation,
this similar angular displacement com-
municated to the speed regulator and
diaphragm regulator will not alter the
amount of light which would be admitted to
the camera if the shutter blades were op-
erated. This is due to the fact that the speed
regulator has a logarithmic motion with re-
spect to the duration of automatically timed
exposures, and the diaphragm regulator has
a logarithmic motion with respect to the area
of the diaphragm aperture, and that the
constants of these two logarithmic motions
are equal in magnitude but opposite in sign.
Thus the change in the amount of light ad-
mitted to the camera due to the change in du-
ration of exposure will be exactly compensat-
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ed for by the change in the area of the dia-
phragm aperture. It will thus be seen that
if any one particular combination of ad-
justments of the speed regulator and dia-
phragm regulator which will admit the
proper amount of light to the camera can be
effected, all other combinations of adjust-
ments of the speed regulator and diaphragm
regulator which wiil admit the same amount
of light become immediately available by
means of a simple mechanical operation.

If when the speed and diaphragm regula-
tion is being altered under the control of
the thumb clamp 68 the speed indicator 71
moves to a position to the right of the point
70°, this will indicate that the shutter is in-
capable of controlling an automatically
timed exposure of sufficiently short duration
roduce correct exposure in conjunction
with the corresponding diaphragm aperture.
If on the other hand the speed indicator
71 moves to a position to the left of the point
702 this will indicate that the shutter is in-
capable of controlling an automatically timed
exposure of sufficiently long duration .
produce correct exposure in conjunction with
corresponding diaphragm aperture.
When the speed indicator 71 is moved to
the left of the point 70* under the control of
the thumb clamyp 68 in the manner described,
the operator must observe the reading of the
speed indicator 71 on the scale portion 76*—
70¢ then release the thumb clamp 68 and ro-
tate the speed regulator until the speed in-
dicator T1 is opposite the mark “B” or “T"”,
leaving the diaphragm adjustment undis-
turbed during this operation, and then give
the sensitized surface a “bulb” or “time”
exposure of duration corresponding to the
previously observed reading of the speed in-
dicator 71 on the scale portion T0™—T0%
This will result in the correct amount of
light being admitted to the camera. It will
thus be seen that the scale portion 70*—-70%,
which is a continuation of the logarithmic
scale portion 70*—70", enables the operator
to determine the correct duration of “bulb”
or “time” exposures by means of a simple
mechanical operation.

Should the operator, while changing the
adjustment of the speed and diaphragm
regulators under the control of the thumb
clamp 68, cause the speed indicator 71 to
move to the left of the point 702 and, with-
out obszerving that this has happened, at-
tempt to effect an automatically timed ex-
posure of the shutter while the speed in-

dicator is in this position, under the impres-

sion that the shutter is in adjustment for
automaticaliy timed exposures, the projec-
tion 28" on the oscillatory plate 28, by inter-
fering with the movement of the pin 14, will
prevent the operation of the mechanism that
actuates the shutter blades. This projection

28+ thus forms a safety check or lock, pre-

=

venting incorrect operation of the shutter in
the manner described. -

The second method of operation of the
shutter will now be considered: If an ex-

‘amination be made of the manner in which

the several scales and indicators are ar-
ranged on the shutter, it will be seen that
they constitute a special form of slide rule,
in which the scales T0>—707 and 72*—72" are

“fixed, and in which all the other scales and

all the indicators are movable. These scales
and indicators have been so arranged that,
adopting the notation employed in the equa-
tion given in dealing with the general theory
of this invention, the value of T is indicated
on the time scale 70"—-70% a value inversely
proportional to D is indicated on the dia-
phragm scale 723—72b the value of N is
indicated on the plate number scale 79>—T79b,
the value of L is indicated on the focal
length scale 73*—73" and the value of the
equivalent exposure TD?/KNI2 is indicated
on the ‘scale 7T7*—77%. Since the quantities
D and L appear with the exponent.2 in the
expression for the equivalent exposure, the
logarithmic constants of the corresponding
scales are numerically double the value of
the constants of the scales corresponding to
T and N. Now by the equation which deter-
mines the conditions of correct exposure it is
seen that the equivalent exposure must be
made the reciprocal of the actinic intensity
of the light entering the camera in order to
secure correet exposure, Therefore to cor-
rectly adjust the shutter by means of the
equivalent exposure scale 77*—T77®, the op-
erator must estimate the value of the actinic
intensity of the light entering the camera
in terms of the arbitrary unit chosen, and
then set the indicator 78 opposite the value
on the secale 77°—7

reciprocal of this actinic intensity of light
by relative movement of the speed and dia-
phragm regulators. (For instance, if the
actinic intensity of light is estimated to be
7 the value of the standard intensity,
the indicator 78 must be set in alignment
with the division marked 10 on the equiva-

‘lent exposure scale 77*—77%) The shutter

will then be in adjustment to effect a cor-
rect exposure, and any other possible com-

bination of adjustments which will effect

the same, equivalent exposure may immedi-
ately be obtained by operating the speed and
diaphragm regulators under the control of
the thumb clamp 68. In the event of the
speed indicator 71 pass'ng to the left of the
position 70* or to the right of the position
70°, when so operated, the same method of
procedure is to be adopted as was explained
in describing the first.method of operation
of the shutter.

The advantage of having the two methods
of securing correct adjustment of the regu-
lators combined on one shutter is that when
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the shutter is to be used by an operator un-
skilled in the use of cameras, correct set-
tings of the shutter regulators may be ef-
fected by means of the descriptive scales
82:—820 and 87°—87%, and then the corre-
sponding indications on the equivalent ex-
posure scale noted. In this way an un-
trained operator may rapidly acquire skill
in judging the combined effect of illumina-
tion and character of subject in determining
the corresponding correct equivalent expo-
sure, and so may acquire skill in setting the
regulators by means of the equivalent ex-
posure scale 77e—77>. This will result in
greater quickness in securing correct adjust-
ment of the shutter, since in general only one
of the two regulators of the shutter need be
operated in order to secure any given ad-
justment of the equivalent exposure indi-
cator 78 relative to the equivalent exposure
scale 77*—77>. The combination of the two
methods of adjustment in the one instru-
ment thus constitutes a simple means of
training the judgment of the unskilled op-
erator.

One great advantage of the second method
of operation as compared with the first may
be mentioned here. The range of conditions
as regards subject and illumination which
may be dealt with by means of the descrip-
tive scales 82°—82° and 87*—87" is necessar-
ily limited by the range of the descriptions
contained in the said descriptive scales,
whereas the possible range of usefulness of
the equivalent exposure scale T7*—7T" ig
practically unlimited. However, it should
be noted 1n this connection that the possible
range of the descriptive illumination scale
82°—82> may be considerably extended by
the present invention, by including further
descriptive indications, such as those shown
on the scale 88°—88", which contains de-
scriptive indications referring to the illu-
mination of interiors. Since the scale por-
tion 70°—T70? may be extended practically
indefinitely towards the left, and since the
use of the scale 88*—88" depends upon this
scale portion 70*—70¢, it follows that a very
considerable range of descriptive indica-
tions, such as those shown on the scale
88°—88% may be included on the scale
plate 65.

The following may be mentioned as
amongst the more important advantages of
the present invention:

First. If the operator can estimate correct-

" ly the value of the actinic intensity of light

60

65°

in terms of an arbitrary standard, the sub-
sequent setting of the regulators of the shut-
ter to secure correct exposure may be accom-
plished rapidly and with certainty, by the
simple operation of mechanical parts.
Second. When the operator has effected
any combined adjustment of the speed and
diaphragm regulators which will give a cor-
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rect exposure of the sensitized surface, all
other possible combinations of adjustments
of the speed and diaphragm regulators which
will give the same exposure become immedi-
ately available by the simple operation of the
said regulators under the action of a thumb
clamp, the operator not being restricted to
those particular settings of the said regula-
tors which correspond with particular grad-
uations on their respective scales. The range
of combined adjustments of the two regula-
tors which will correspond with correct ex-
posure is limited by the limits of the range
of possible adjustment of the diaphragm
aperture and by the maximum speed at
which the shutter blades can be operated, but
not by any maximum duration of exposures,
since the scale portion 70*—70¢ may be con-
tinued practically indefinitely to the left.

Third. When the operator wishes to ex-
pose sensitized surfaces having different
speed characteristics, the difference in the
speed of these surfaces may be exactly com-
pensated for by having the second prelimi-
nary adjustment correspond before each ex-
posure with the speed characteristic of the
surface to be exposed, the shutter being then
operated in precisely the same manner with
all sensitized surfaces. The difference in the
speeds of sensitized surfaces is thus compen-
sated for by a simple mechanical operation.
Since in general most operators do not fre-
quently change from the use of sensitized
surfaces having one speed characteristic to
those having another, the semi-permanent
character of this second preliminary ad-
justment is of considerable advantage, the
operator not having to remember before each
exposure the speed characteristic of the sur-
face about to be exposed.’

Fourth. By means of the first preliminary
adjustment the diaphragm indicator may be
made to indicate correct diaphragm aper-
tures corresponding to any distance of the
diaphragm from the sensitized surface. One
advantage of this is that the manufacturer
may put the shutter on the market with the
diaphragm graduations marked on it, and
by means of this simple preliminary adjust-
ment the operator may, with the aid of a
single diaphragm scale, obtain correct dia-
phragm indications corresponding to any
number of lenses of different focal lengths.
Also the difficulty of obtaining correct dia-
ghragm indications when nearby objects are

eing focussed is eliminated, by having the
first preliminary adjustment correspond
with the actual working distance of the dia-
phragm aperture from the sensitized sur-
face. In connection with this latter point,
it will be an advantage to have the camera
supplied with a distance scale arranged
alongside the focussing scale, upon which
the actual distance of the diaphragm aper-
ture from the sensitized surface may be reg-

70

g0

080

105

110

115

120

125

130



10

15

30

40

50

&5

60

“values may be employed with

1,628,008

istered. If this arrangement is adogted, cor-
rect diaphragm adjustments will always be
secured, provided the focal length indicator
is set to a value on the focal length scale cor-
responding with the value indicated on the
distance scale. ,
Fifth. In the present invention all sys-
tems of notation indicating diaphragm
equal ease,
since the numerical values of the diaphragm
apertures are never required in adjusting the
regulators for correct exposure. (In fact,
the numerical graduations indicating dia-
phragm apertures and durations of “instan-
taneous” exposures might be omitted entire-
ly from the shutter, without interfering with
its successful operation.) ‘
Obviously the present invention is sus-
ceptible of a wide range of modification, as
parts may be omitted, parts added, and parts
rearranged or differently constructed with-
out altering the character or scope of the
invention. .
In this connection one particular modifi-
cation deserves attention. If the scale
T7*—T7T be marked with the reciprocals of
the values shown in Figs. 1 and 8, and de-
scribed, the indicator 78 will then register

“the value of the actinic intensity of light for

which the shutter is in correct adjustment.
To secure correct adjustment of the regu-

lators the operator will then have to adjust

the indicators 78 so that it will register a
value corresponding to the actinic intensity

5 of light coming from the subject to be photo-

graphed. Although the use of an actinic
intensity of light scale of -this character
would involve a simpler mental process on
the part of the operator, the majority of
skilled photographers are accustomed to the
other method of looking at the problem, the
common practice being to estimate that the
character and illumination of the subject re-
quire an exposure which is reckoned as a
multiple of some normal exposure, which
will give correct exposure for certain arbi-
trarily chosen normal conditions of subject
and illumination. For this reason the scale
77577 is shown as an equivalent exposure
scale, and not as an actinic intensity of light
scale, although either scale would be per-
fectly satisfactory in operation. -It should
be noted that in the case of either of these
scales the values indicated may be regarded
as a series of fractions, of which one mem-
ber is the equivalent exposure, and the other
member is unity. The one scale is obtained
from the other by reversing the position of
numerator and denominator.

In the foregoing description and in the
appended claims, the various scales are
sometimes referred to as logarithmic scales
and the motions of different movable parts
with relation to certain of the variable fac-
tors ‘involved are described as logarithmic

motions, but I do not intend by this to indi-
cate that these scales and motions need be
necessarily strictly logarithmic throughout
their entire range. In many cases, if the
various scales and motions are logarithmie
or approximately” logarithmic in character
throughout their principal portions, the ob-
jects of the invention will f}e in a substan-
tial measure achieved and I intend to in-
clude such constructions as within the scope
of my invention. :

Having thus described my invention, I
claim:
. 1. In a photographie shutter, the comb:-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, a rotary member for actuating said
control’ means having logarithmic moticn
with relation to the speed ot the shutter, an
adjustable diaphragm, and a rotary mem-
ber for adjusting said diaphragm having
logarithmic motion with relation to the dia-
phragin aperture.
. 2. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, an iris diaphragm, and concentric
rotatable rings for actuating said control
nmeans and diaphragm respectively, the ring
for actuating said control means having
logarithmic motion with respect to the speed
of the shutter and the ring for actuating

said diaphragm having logarithmic motion

with respect to the diaphragm apertuore,

3. In a photographic shutter, the combi-
nation of shutter mechanism, eontrol means
for varying the speed of operation of the
shutter, an iris diaphragm, concentric ro-
tatable rings for actuating said control
means and diaphiragm respectively, the ring
for actuating said control means having
logarithmic motion with respect to the speed
of the shutter and the ring for actuating
satd diaphragm having logarithmic motion
with respect to the diaphragm aperture, and
logarithmic scales cooperating with each of
said rings for indicating the adjustments
thereof.

4. In a photographic shutter, the combi-
nation of shutter mechanism, a speed regula-
tor for determining the speed of operation
of the shutter, said speed regulator having
logarithmic motion with respect to the speed
of the shutter, an adjustable diaphragm, a
diaphragm regulator for the same having
logarithmic motion with relation to the dia-
phragm aperture, said speed and diaphragm
regulators being independently movable,
and means for temporarily establishing a
connection between the same, whereby they
may be moved as a unit.

5. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, an adjustable diaphragm, concen-’
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tric rotatable rings for actuating said con-
trol means and said diaphragm respectively,
said rings being independently rotatable,
and a clamp for connecting said rings to-
gether, whereby they may be rotated to-
gether as a umt to simultaneously but in-
versely vary the speed of the shutter and
diaphragm aperture. . _

6. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, an adjustable diaphragm, concen-
tric rotatable rings for actuating said con-
trol means and said diaphragm respectively,
one of said rings having logarithmic mo-
tion with respect to the speed of the shutter
and the other of said rings having
logarithmic motion with respect to the area
of the diaphragm aperture, the constants of
said logarithmic motions being equal in
amount but opposite in sign, said rings be-
ing independently rotatable, and means for
temporarily establishing a connection be-
tween the same whereby they may be rotated
as a unit. :

7. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, and actuating means for said con-
trol means including a movable member hav-
ing a cam surface cooperating with an ele-
ment of the shutter control means, said cam
surface being of such form that the motion
of said-movable member will be logarithmic
with respect to the variations in the speed
of the shutter produced by such motion.

8. In a photographic shutter, the com-
bination of shutter mechanism, control

"means for varying the speed of operation

of the shutter, and actuating means for said
control means including a movable member
having a cam slot therein cooperating with
a projection on the shutter control means,
said slot comprising a portion shaped to
actuate said shutter control means to vary
the duration of automatically timed ex-
posures, and having another portion per-
mitting movement of said ring without af-
fecting the speed of the shutter, said first
named slot portion being of such form that
the motion of said movable member is
logarithmic with respect to the variation in
duration of automatically timed exposures.

9. In a photographic shutter, the com-
bination of shutter mechanism, -control
means for the same the movement of which
controls the speed of automatic operation
of the shutter and also determines the ac-
tion of the shutter to produce “bulb? or
“time” exposures, and a:movable actuating
member for actuating said control means,
said movable actuating member having
logarithmic motion with relation to the

; speed of the shutter within the range of

movement of the control means correspond-
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ing with the production by the shutter of
automatically timed exposures.

10. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter in producing automatically timed
exposures and for determining the action of
said shutter to produce “bulb” or “time” ex-
posures, and a movable actuating member
for said control means including a three-
part cam cooperating with an element of
said control means, one part of said cam
actuating said control means to determine
the duration of automatically timed  ex-
posures, a second part of said cam actu-
ating said control means to determine the
action of the shutter to produce “bulb” or
“time” exposures and the third part of said
cam permitting free movement of said mem-
ber without actuation of said control means,

11. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for the same, a regulator for actuating said
control means, the movement of which
through one part of its range controls the
speed of automatic operation of the shutter
and the movement of which through a sec-
ond part of its range determines the action
of the shutter to produce “bulb” or “time”
exposures, the movement of the regulator
through a third part of its range having no
effect upon the operation of the shutter, and
a scale cooperating with said regulator, said
scale having three portions corresponding
with the three paris of the range of move-
ment ot the regulator, the first of which
scale portions bears indicia showing the
varying durations of automatic exposures
produced by the shutter, the second portion
of the scale indicating the positions of the
regulator corresponding with the produc-
tion of “bulb” or “time” exposures and the
third portion of the scale containing indicia
showing durations of “time” exposures.

12. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for the same, a regulator for actuating said
control means the movement of which
through one part of its range controls the
speed of automatic operation of the shutter
and the movement of which through a sec-
ond part of its range determines the action
of the shutter to produce “bulb” or “time”
exposures, the movement of the regulator
through a third part of its range having no
effect upon the operation of the shutter, and
a scale cooperating with said regulator, said
scale having three portions corresponding
with the three parts of the range of move-
ment of the regulator, the first of which
scale portions bears indicia showing the
varying durations of automatic exposures
produced by the shutter, the second portion
of the scale indicating the positions of the
regulator corresponding with the production

70

80

‘98

100

110

115

120

125

130



10

20

first and thir

1,623,008

of “bulb” or “time” exposures and the third

ortion of the scale containing indicia show-
ing durations of “time” exposures, the mo-
tion of said regulator in the first named
part of its range being logarithmic with re-
spect to the speed of the shutter and said
named scale portions being
logarithmic scales.

13. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for the same, & regulator for actuating said
rontrol means which through a part of its
range of movement regulates the speed of
automatic - operation of the shutter and
through another part of its range has a
movement independent of the shutter con-
trol means, and a scale cooperating with
said regulator having a scale portion indi-
cating the durations of automatically timed
exposures and another scale portion indi-
cating durations of “time” exposures.

" 14. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for the same, a regulator for actuating said
control means, the movement of which regu-

. lates through a part of its range the speed
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of automatic operation of the shutter, sq.id
regulator having logarithmic motion with
respect to the speed of the shutter during
said range, said regulator having a further
range of movement independent of the speed
control means of the shutter, and a loga-
rithmic scale cooperating with said regula-
tor having, corresponding with the first-
naned range of movement of said regulator
a portion indicating the duration of auto-
matically timed exposures and, correspond-
ing with the free movement of said regula-
tor, a second portion indicating durations
of “time” exposures.

15. In a photographic shutter, the combi-
1ation of shutter mechanism, control means
for varying the speed of operation of the
shutter, an iris diaphragm, a diaphragm
late number indicatin
scale and indicator for compensating for dif-
ferent plate speeds. -

16. In a photographic shutter, the com-
bination of shutter mechanism, control
means for varying the speed of operation
of the shutter, a speed regulator for actuat-
ing said control means having logarithmic
motion with relation to the speed of the shut-
ter, an iris diaphragm, a diaphragm regu-
lator having logarithmic motion with rela-
tion to the diaphragm aperture and a loga-
rithmic plate number scale and indicator for
compensating for different plate speeds.

17. In a iotographic shutter, the combi-
pation of shutter mechanism, control means
for varying the speed of operation of the
shutter, a speed regulator for actuating said
control means, and a plate number scale
movable with said speed regulator.

18. In a photographic shutter, the combi-

nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, a movable actuating member for
said control means, and a second member
movable with relation to said actuating
member, one of said members carrying a
plate number scale and the other of said
members carrying a 1;])late number indicator
cooperating therewith.

19. In a photographic shutter, the combi-
nation of shutéer mechanism, control means
for varying the speed of operation of the
shutter, a speed regulator for actuating
said control means, a plate number scale
movable with said speed regulator, a mem-
ber movable with relation to said speed regu-
lator and a plate number indicator on said
member cooperating with said plate number
scale, said member having a connection with
said speed regulator permitting adjustment
relative thereto but such that said member
and regulator normally move together when
said speed regulator is moved.

20. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter a speed regulator for actuating said
control means, a plate number scale movable
with said speed regulator, a descriptive light
scale, and a movable indicator member carry-
ing two indicators, one of which cooperates
with said plate number scale and the other
of which cooperates with the descriptive
light scale.

21. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the

shutter, a pair of movable rings one of which -

is connected to said control means, a plate
number scale on one of said rings, and a
plate number indicator on the other ring
cooperating with said plate number scale.
22. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, a movable ring connected to said
control means, a plate number scale on said
ring, and an indicator ring having a plate
number indicator thereon cooperating with
said plate number scale, said indicator ring
having frictional engagement with said mov-
able ring, whereby it will normally move
with the same but is capable of adjustment
with relation thereto to indicate different
plate numbers. ' ’
23. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, a movable ring connected to said
control means, a plate number scale on said
ring, an indicator ring having a plate num-
ber indicator therein cooperating with said
late number scale, said indicator ring hav-

m% frictional engagement with said mov- -
able

ring, whereby it will normally move
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with the same but is capable of adjustment
with relation thereto to indicate different
plate numbers, a descriptive light scale, and
a second indicator on said indicator ring co-
operating with said descriptive light scale.
24, In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, a movable ring counected to said
control means, a plate number scale on said
ring, an indicator ring having a plate num-
ber indicator thereon cooperating with said
plate number scale, said indicator ring hav-
ing frictional engagement with said movable
ring, whereby it will normally move with
the same but is ecapable of adjustment with
relation thereto to indicate different plate
speeds, a scale indicating durations of expo-
sure, an indicator on said movable ring co-
operating with said scale, a descriptive T1gh_t
scale, and a second indicator on said indi-
cator ring cooperating with said descriptive
light scale. ) )
25, In a photographic shutter, the combi-

nation of shutter mechanism, control means

for varying the speed of operation of the
shutter together with an adjustable dia-
phragm for regulating the amount of light
admitted to the camera, a pair of concentric
rings having frictional engagement with
each other whereby they will normally move
together, but are capable of relative adjust-
ment by the application of a force sufficient
to overcome the frictional resistance, means
connecting one of said rings to said control
means whereby movement of said ring actu-
ates said control means and means connect-
ing said other ring with said adjustable dia-

" phragm whereby movement of said other
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ring controls the opening of said diaphragm.

96. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter together with an adjustable dia-
phragm for regulating the amount of light
admitted to the camera, a pair of concentric
rings having means frictionally to engage
each other comprising spring fingers at-
engaging a portion
of the other ring, whereby they will nor-
mally move together, but are capable of
relative adjustment by the application -of a
force sufficient to overcome the frictional
resistance, means connecting one of said
rings to said control means whereby move-
ment of said ring actuates said control
means and means connecting said other ring
with said adjustable diaphragm whereby
movement of said other ring controls the
opening of said diaphragm.

27. In a photographic shutter, the combi-
nation of a movable regulator and a pair
of rings associated therewith, one of said
rings being slotted to form arc-shaped
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spring fingers carrying shoes frictionally en-
gaging the other ring.

28. In a photographic shutter, the com-
bination of a movable regulator and a pair
of concentric rings associated therewith, said
rings having frictional engagement with
each other whereby they will normally move
together but are capable of relative adjust-
ment, one of said rings having a scale there-
on and the other of said rings having an
indicator cooperating with said scale.

29. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shufter, a regulator for actuating said con-
trol means having logarithinic motion with
relation to the speed of the shutter, and a
descriptive light scale cooperating with said
regulator. » '

30. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, a regulator for actuating said con-
trol means and a logarithmic tine scale and
a descriptive light scale cooperating with
said regulator. '

31. In a photographice shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, a movable speed regulator for actu-
ating said control means, said speed regula-
tor having a range of movement beyond that
corresponding with the limits of duration of
automatically timed exposures, and a scale
by which the position of said regulator with-
in such extended range of movement may be
read to show durations of “time” exposures.

32. In a photographic shutter, the combi-
nation of shutter mechanism, control means
for varying the speed of operation of the
shutter, a movable speed regulator for actu-
ating said control means, said speed regula-
tor having a range of movement beyond that
corresponding with the limits of duration
of automatically timed exposures, and a de-
seriptive light scale corresponding with said
extended range of movement of said regu-
lator.

33. In a photographic shutter, the com-
bination of shutter mechanism, control
means for varying the speed of operation of
the shutter, a movable speed regulator for
actuating said control means, said speed
regulator having a range of movement be-
yond that corresponding with the limits of
dutation of automatically timed exposures,
and a logarithmic time scale and a deserip-
tive light seale corresponding with said ex-
tended range of movement of said regulator,

34. In a photographic shutter, the com-
bination of shutter mechanism, control
means for varying the speed of operation of
the shutter, a speed regulator for actuating
said control means, movable through a range
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corresponding with the variations of auto-
matically timed exposures and through a
further range, a descriptive light scale co-
operating with said regulator to indicate the
movements thereof during such first named
range of movement and a second descriptive
light scale corresponding with the second
named range of movement of said regulator,

35. In a photographic shutter, the com-
bination of shutter mechanism, control
means for varying the speed of operation of
the shutter, a movable ember for actnating
said control means, said member having a
range of movement within which it produces
variations in the duration of automutically
timed exposures and having an additional
range of movement, and means for prevent-
ing the actuation of the shutier mechanism
to make an exposure when said member oc-
cupies a position within the limits of said
additional range of movement.

36. In a photographic¢ shutter, the com-
bination of shutter mechanism,  control
means for varying the speed of operation
of the shutter, a movable member for actu-
ating said control means, said movable mem-
ber having a range of movement within
which it produces variable automatically
timied exposures and an additional range of
movement, a scale indicating durations or
automatically timed exposures correspond-
ing with the movements of said movable

member during such first range of movement .

and having a portion indicating durations
of time exposures corresponding with the
movements of said movable member during
said additional range of movement and

means for preventing the actuation of the

shutter to produce automatically timed ex-
posures when said member occupies a posi-
tion within the limits of said additional
range of movement.

37. In a photograplhic shutter; the com-
bination of shutter mechanism, control
means for varying the speed of operation of
the shutter, a projection on a portion of said
control means, a rotatable plate having a
cam slot therein cooperating with said pro-
jection, said cam slot having a portion pro-
ducing movement of said control means so
as to vary the duration of automatically
timed exposures, said slot also having a por-
tion in which said projection may freely
move without actuation of said control
means, said plate having a portion co-oper-
ating with said shutter mechanism to pre-
vent the actuation of the shutter to produce
automatically timed exposures when said
projection is within the inactive portion of
said cam slot.

38. In a photographic shutter, the com-
bination ofp shutter mechanism, control
means for varying the sfeed of operation
of the shutter, a movable speed regulator

410

connecled to said control means, an adjust-
able diaphragin, a movable diaphragn regu-
lator for actuating said diaphragm to vary
the aperture, one of said regulators carrying
a scale representing values of a function of
the actinic intensity of light and the other of
said regulators carrying an indicator co-
operating with said scale, whereby the ad-
justment of said indicator with relation to
said scale, a correct relationship of dia-
phragm aperture and exposure may be de-
termined.

39. In a photographic shutter, the com-
bination of a movable regulator for varying
the duration of exposure, a movable regu-
Iator for varying the diaphragm aperture,
one of said regulators carrying a scale rep-
resenting values of a function of the actinic
intensity of light and the other of said regu-
lators carrying an indicator cooperating
with said scale, whereby by the adjustment
of said indicator with relation to said scale
a correct relationship of diaphragm aper-
ture and exposure may be determined, and
menns for establishing a temporary con-
nection between said regulators, whereby,
they may be moved as a unit.

40. In a photographic shutter, the combi-
nation of a movable regulator for varying
the duration of exposure, a movable regu-
lator for varying the diaphragm aporture,
one of said regulators carrying a scale repre-
senting values of a function of the actinic
intensity of light and the other of raid
regulators carrying an indicator cooperat-
ing with said scale, whereby by the adjust-
ment of said indicator with relation to said
scale, a correct relationship of diaphragm
aperture and exposure may be determined, a
time scale cooperating with said speed regu-
lator and a diaphragm aperture scale coop-
erating with said diaphragm regulator.

41. In a photographic shutter, the combi-
nation of a movable regulator for varying
the duration of exposure, a movable regu-
lator for varying the diaphragm aperture,
one of said regulators carrying a scale rep-
resenting values of function of the actinie
intensity of light and the other of said regu-
lators carrying an indicator cooperating with
said scale, whereby by the adjustment of said
indicator with relation to said scale a cor-
rect relationship of diaphragm aperture and
exposure may be determined, a time scale
cooperating with said speed regulator and a
diaphragm aperture scale cooperating with
said diaphragm regulator, all of said scales
being logarithmiec.

42. In a photographic shutter, the combi-
nation of a movable regulator for determin-
ing the duration of exposure, said regulator
having a range of movement producing va-
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pendent of the speed control mechanism of
the shutter, a scale for calculating durations
of time exposures corresponding to the
range of free movement of said speed regu-
lator, and a movable regulator for varying
the diaphragm aperture, one of said regula-
tors carrying a scale representing values of a
function of actinic intensity of light and the
other of said regulators carrying an indi-
cator cooperating with said scale.

43. In a photographie shutter, the combi-
nation of a speed regulator having logarith-
mic motion with respect to the duration of
automatically timed exposures, a diaphragm
regulator having logarithmic motion with
relation to the diaphragm aperture, a log-

“arithmic scale on one of said regulators rep-

resenting valies of a function of the actinic
intensity of light and an indicator on the

~other regulator cooperating with said seale,

onc of said regulators carrying means for
compensating for plate speeds and the other
of said regulators carrying means for com-
pensating for focal lengths. :

44. In a photographic shutter, the combi-
nation of a speed regulator having logarith-
mic motion with respect to the duration of
automatically timed exposures, a diaphragm
regulator having logarithmic motion with
relation to the diaphragm aperture, a loga-
rithmic scale on one of said regulators rep-
resenting values of a function of the actinic
intensity of light and an indicator on the
other regulator cooperating with said scale,
said speed regulator comprising two rela-
tively movable members, one of which car-
ries a logarithmic plate number scale, and
the other of which carries an indicator co-
operating therewith, said diaphragm regu-
lator comprising two relatively movable
members, one of which carries a logarithmic
focal length scale and the other of which
carries an indicator cooperating therewith.

45. In a photographic shutter, the combi-
nation of a descriptive light scale, a movable
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member having an indicator thereon coop-
erating with said descriptive light scale, a
descriptive subject-matter scale, a movable
member having an indicator thereon coop-
crating with said descriptive subject-matter
scale, one of said members having thereon a
scale representing values of a function of the
actinic intensity of light and an indicator
on the other of said members cooperating
with said last-named scale,

46. In a photographic shutter, the com-
bination of a descriptive light scale, a mov-
able member having an indicator thereon co-
operating with scale, a logarithmic dia-

phragm aperture scale, a movable member

having an indicator thercon cooperating
with said diaphragm aperture scale, one of
said movable members having a scale thereon
representing values of a function of the
actinic intensity of light and the other of
said members having an indicator thereon
cooperating with said last-named scale.

47. In a photographic shutter, the combi-
nation of a movable regulator for varying
the duration of exposure, a movable regu-
lator for varying the diaphragm aperture,
an equivalent exposure sca{)e associated with
one of said regulators and an indicator co-
operating with said scale and ‘associated
with the other regulator.

48. In a photographic shutter, the combi-
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nation of shutter mechanism, control means -

for carrying the speed of operation of the
shutter, a speed regulator for actuating said
control means having logarithmic motion
with respect to the speed of the shutter, an
adjustable diaphragm, and a diaphragm
regulator having logarithmic motion with

.respect to the diaphragm aperture, one of

said regulators having a logarithmic equiva-
lent exposure scale associated therewith and
the other of said regulators having associ-
ated therewith an indicator for indicating
values on said equivalent exposure scale.
HEREWARD LESTER COOKE.



