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ré)lcifcti® ofi dbe invention which is
described and claimed in our co-pending
Application No. 7937/69 (Serial No.
1,267,234). Reference should also be had
to three divisionals of the present applica-
tion, numbered -54091/72, 54092/72 and
‘54003 /72. -
" Jn known devices of the type bere under
consideration, reflected light is measured by
a single light sensitive element optically
associated with light receiving means having
only one angle of acceptt}?nce. By the Ittaetx'ﬁn
“angle of acceptance” there is meant the
) & the. field of view . within which
fight, which is transmitted to and falls on

-the light sensitive element, is received by the

light receiving means. . - - . °
'g?)ne drawback of such devices is- that,

when a high contrast scene, or subject, is -

to be photographed, the reflected light will
not be measured with sufficient accuracy.

Moreover, when a reflected light measuring

‘and duration control device is used in 2
camera, and the subject to be photographed
is moving and/or the illumination intensity
is fluctuating, accurate measurement of the
Jight -reflected to the camera with known
light measuring devices becomes difficult, and
sometimes requires a number of complex

{Price 25p]

with an automatic flash duration control, as
well as for still cameras, movie cameras,
photographic enlargers, light meters, etc.
This method tends to produce a better
evaluation, computation and- control of the
reflected light. _ :

According to the present invention there
is provided a light sensing device comprising

ol

noved.
9Ly es 23

65

in combination light receiving means com-

prising a plurality of lenses, or a lens hav-
ing a plurality of parts. of - different focal
jengths, and light sensing means comprising
one or more photoelectric light sensitive €le-

ceiving means so that the said lenses or lens
parts have different angles of acceptance (as

- herein before defined) the bisectors of which

angles coincide or extend substantially paral-

70

- ments, optically associated with the light re- -

75

lel to one another, for simultaneously receiv- -

ing the light associated with both or all the
said angles of acceptance. - - .
The lenses or lens parts preferably have
different sensitivities. The device may further
‘comprise light -conductor means - optically
linking the light receiving means and the
light sensing means. The latter means may
‘be constituted by photodiodes, phototransis-
tors, photoresistors, sun batteries, or the like.
When such a device is used in a photo-

80
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30 could simlarly be incorporated in the cir- Figure 26 illustrates one
exanpl e of such 95 cuits of Figures 1 to 10 and 12. a device in
which the circuit substantially Figure 25 illustrates one enbqodingent of
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and variations in oeﬂmn components, and
a switch which permits operation of the
light control dev1ce with a full light intensity
output or a partial light intensity output of
the flash unit.

Another  embodiment of the present in-

‘vention includes an arrangement for con-
trolling the pulses generated during the dis-
charge of a capacitor and employing a gas-
filled switching tube whose interior is pro-
vided with one or several triggering elec-
trodes, which are designed to operate at rela-
tively low voltages, preferably between 50
and 1000 volts, when compared with similar
known devices, or which is provided with an
-electrically responsive light generating device
‘which permits the use of a gas-filled tube
having only the two main electrodes.

* ‘The invention will be more fully described
with reference to the accompanying draw-

“ings, in which:—

- Fgurelisa schematic circuit diagram of
2 basic circuit with which the improvements
according to the present invention can be
“used;

Figure 2 is a schematic circuit diagram of

‘another form of the circuit of Figure 1;
- Figure-3 is 2 more detailed circuit dia-

Figure 13 of a further embodiment of the
light receiver;.

Figure 16 is a view similar to that of 105
Figure 13 of yet another embodiment of the -
light receiver;

Figure 17 is a view similar to that of
Figure 13 of still another embodiment of the
light receiver;

Figure 18 is a view similar to that of
Figure 13 of still a further embodiment of
the light receiver;

Figure 19 is-a circuit diagram of a light
sensor arrangement suitable for use with the
present invéntion;

Figure 20 is a view simmilar fo that of
Figure 19 of another light sensor arrange-
ment;

Figure 21 is a view similar to that of
Figure 19 of still another light sensor ar-
rangement;

Figure 22 is a view similar to that of
Figure 19 of a further sensor arrangement;

Figure 23 is a view similar to that of
‘Figure 19 of yet a further sensor arrange-
ment;

Figure 24 is a view similar to that of

110
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Figure 19 of a still further sensor arrange-

ment; 130
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modified form of construction of the em-
bodunent of Figure 34.

- Figure 1 shows the circuit of an electromc
phorto-ﬂash equipped with a control device
having only one switch whose purpose is to
arrest the capacitor discharge when a pre-
determined amount of hght has been pro-
duced.

The arrangement of such a umt is as
follows: —

‘An. energy storage capacltor 100 is
charged through a voltage source 101. A

-flash tube 102 of the usual type is connected
to the capacitor terminals through a switch
103 which is preferably a gate-turn-out

thyristor or thyratron, or the like, Jprovided,
if necessary, with suitable supplementary cir-
cuitry. A light sensor 104, composed of a

" photodiode, phototranszstor photoresistance,

55

»-\.‘m &

or other element is connected to an integrat-
ing circuit 105 of any well-known type. A
firing circuit 106 triggers the firing of the
ﬂash tube 102. This device works as follows:

The capatitor 100 ha been charged
: viog 3 .a current proportional to the reflected light

by the source 101, the ionization of the
flash tube 102 is induced by the action of

.the firing circuit 106. The light sensor 104

65

supzplm an instantaneous current which is

proportional to the illumination on the sub-
]ect 107 to the integrating circuit 105; the
latter, when the total amount of hght TE-

mfectedin paifel with iR afhoHeca02
A light sensor 205 is coupled fo the inte-
grating circuit 206; it receives reflected light
from the subject 209-and controls the firing
electrode 207 of the thyratron 204. A firing
circuit 208 acts to fire the flash tube 202.
Meter 210 is connected to circuit 206.

‘The operation of the circuit of Figure 2
differs from that of Figure 1 as follows: —

After reaching the predetermined signal
value, the circuit of the integrator 206
triggers the firing electrode 207 of the thyra-
tron 204 in parallel with the flash tube 202.
The induction coil 203 allows for a short
period during which the thyratron is practi-

cally-in short-circuit. Consequently, the flash

tube 202 has enough time to deionize, and
hence to become extinguished.

A modification is fllustrated in Figure 3.
This control device is combined with both

-an electronic gate and an optical device for

regulation -of the sensitivity.
The control device consists of an electronic

~device 30 which is identical with the device

50 of Figure 5, the photo-flash unit 31 and
an electronic switch 32. :
In this device, a light sensor 301 generates

from the subject. This current is integrated
by a capacitor 302 to give a voltage propor-

.tional to the amount of the reflected light.

This voltage is applied to a unijunction tran-

_sistor-304 or to a four-layer diode or to

some .other element or device which would
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current intensity depends on the resistance

40 value of resistor 310. The opening duration

of the electronic gate of the light sensor cir-
gglgt depends on the value of the capacitor

The regulation of the sensitivity of the
control device is effected by the user with
the help of an adjustable optical device 315
which comprises a diaphragm and a set of
filters, or the like, placed in front of the
light sensor 301 of the control device:

A further explanation will now be given
with reference to Figure 4, which shows a
light control device for the flash of an elec-
tronic photoflash, consisting of an electronic
device 40, which is similar to the device 30
of Fxgure 3 and the device 50 of Figure 5
and which is therefore only partially shown,
of the photoflash 41, which is similar to the
device 31, and of an electronic switch 42,
which is similar to the device 32, connected
in series with the flash tube circuit. -

This device and its operation are essenti-
-ally the same as those described and illus-
-grated previously, namely: — -
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The thyristor 421, which is ﬂred upon -

65 closing of the camera synchronization con-

s

Eﬁs
dewbenf

control dewce cons1sts of an electromc de-
vice 50 and thie photoflash 51.

The components and operation of this de-
vice are the same as those desoribed with
reference to Figure 3, with the difference that
an impulse transmitted by the capacitor 506
opens a semi-conductor switch, or a special
arc arrester or the like, 508, vig its firing
circuit, and thereby extmgmshes the flash
tube 512 of the photoflash while discharging
the capacitor 513 of the latter.

In Figure 6, thefe is shown another em-
bodiment which is equipped with an arc
-arrester combined with an electronic gate
and with an electric device having several

itors for the regulation of sensitivity.
e arc arrester 611 and its firing device,
whlch consists of a thyristor 606, resistances
607 and 608, a capacitor 609 and a trans-
former 610, serve as a substitute for the
thyristor 508 of Figure 5. Heré, use is made
of an électric circuit for ad;ustmg the sensi-
tivity, the circuit consisting of a switch 615
which ds arranged to select one of the capa-
citors 603 and 604 havmg different capa-
citance values.

In Figure 7 there is shown another em-

bodiment in which the photodiode is re-
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is provided with two ancillary lemses, or
lens systems, 2202 and 2203 which have re-
spectively different angles of acceptance, as
illastrated, for light travelling in the direc-
tion of the arrows. The light gathered by
each lens is conveyed, still in the form of
light, to a light-sensitive element 2201 where
it is converted :into electmcal &gnals m a
well-known manner. .

Figure 14 shows a hght-sensmve element

2301 with one ancillary lens or lens system

45 an

50

2302 having three different focal lengths and
angles of acceptance.

Figure 15 shows a light-sensitive element
2401 which is disposed behind two light
conductors 2402 and 2403, which may be
constituted by optical fibres, or a transparent
material in other forms. Lenses 2406 and
2407, possibly ones having different light
attenuation characteristics and in any case

‘having different angles of acceptance 2404
-and 2405 are placed in front of the light

55

conductors.
Figure 16 shows substantially the same ar-
rangement as Figure 15, except that-only

“one light conductor 2502 is employed, a bi-

60

focal lens 2506 being placed in front of it;
it has two portions 2507 and 2508 with

-respectively different radii of curvature and

65

angles of acceptarice, and- possibly different
optical attenuation characteristics.

Figure 17 shows a device with two light-
sensitive elements 2601 and 2602 provided

s cuér%" Q?emen”f’%%?é@? xi@‘ig’“‘g“ﬁ'

fect as

y miegnst hlé b%

GEGh€ Bo-aSthe |h§it Miekra

neens 2N47 atl 27 08
Jwra% sshaws

t he - voIt-.

e

Sligﬁtrseﬂkims eléthdn@s
3. A dewvisce -TasFighai lledle ififing lofiithe ﬂlYlﬁﬂtOl’Z 2891e3tull 2892.aherq

EN é”"e%%‘%"" 3?3“‘%3&%

t hat of . th@wgﬁﬁlg

as W P!

06
Lo/ oA 9bbiﬁ‘epﬁh&s0@mm§n gy 7%{1 Wlﬁe&gﬂpt cal

contr ol
are )
t here
n these
nequal ity

ledwbgeniehefl-‘lglg&st sen5| ng

or ,ﬂg Jromj @ tn[e

"n‘&‘ﬁ“ﬂ"ﬂ“"éF’%i‘?sn?

g:%@te
antangemarht ag IFigu| 19t bat tfe twel tight-

R 0 i

ti&n

ratdl

(= I'eSlS Q)? %‘1 ep%otopegl&{na 13(;1' !

responds, dumng the duration of a flash, t
the amount of light received at each mstant

Figure 21 corresponds essentially to Figure
20 except that the two photoresistors 3001
and 3002 are connected in series with a
control circuit 3003.

Figure 22 is similar to Figure 21, except
that the signal of one of the two photo-
resistors 3101 is additionally fed to a separ-
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ate input of the computing circuit 3103. The -

circuit 3104 contains the other elements.

Figure 23 corresponds substantially to
Figure 19, except that the computing circuit
contains a voltage divider which consists
of potentiometers 3203 and 3204 and fixed
resistors 3205 and 3206, having their com-
mon junction connected to a control circuit
3207, Thus, the effective sensitivity of the
two light-sensitive elements 3201 and 3202
can be separately regulated.

Figure 24 shows an automatic light dura-
tion control device which is provided with
iwo light-sensitive elements 3301 and 3302.
Each light-sensitive element has its own in-
tegration circuit which consists of a respec-
tive one of the capacitors 3303 and 3304.

‘The capacitor voltages are applied to re-

spective -ones of the t{wo voltage dividers,

‘which are formed of the variable resistors

3305 and 3306, and a fixed resistor 3307.
The two voltage dividers have a common

‘output terminal. connected to a control cir-

cmt 3308.
-The voltage of the fixed resistor 3307 is
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in principle in the sane manner as the trically connected together in
series. circuit shown in Figure 29, except that the 6. A device as
clained in daim 3, pulse of the unljunctlon transi stor 4201 con-._Wwherein

the Iight sensing means conprises 20 trols a light emtting di ode 4202

whose light a plurality of such photoelectric elepments pulse, directed
toward the nfilled switch- electrically connected ‘together in both
series 85.i ube 4203, and parallel. |

initiates i tlssogjl]ﬁi ng.
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a circuit possessing otheq adAmlt

tion so that the total voltage across them
determines the supply voltage of the light-
sensing phototransistor 3403 of a dual field
light receiver embodying the invention. The
voltage across the zener diode 3402 alone
determines the value which the voltage across
the integration capacitor 3404 must reach in
order to fire the thyristor 3405.

The circuit includes a resistor 3406 across
which is produced a voltage proportional
to the nonlinearity error of the control de-
vice, which error is caused by voltage fluc-
tuations of the zener diodes 3401 and 3402,
by the switching delays of the thyristor 3405
and by the arc arrester 3407.- The resistor

/3406 is connected in such a way as to com-
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pensate these errors.

When thyristor 3405 fires, i.e., becomes

conductive, it causes capacitor 3412 to dis-

charge through the primary winding of a
transformer 3413 whose secondary winding
is connected to an arrester 3407. The volt-
age to which the capacitor 3412 is charged
prior to the firing of the thyristor 3405 is
determined in part by the value of resistors
3409, 3410 and 3411.

A switch 3408 is connected across resistor
3409 and when this switch is opened resistors
3409, 3410 and 3411 determine the voltage
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connecting or disconnecting the remote
triggering device and a capacitor 3502 con-
nected in series between the light-sensitive
element 3508 of a dual field light receiver
embodying the invention and the gate elec-
trode of a thyristor 3503, as well as other
components present in a ‘conventional elec-
tronic flash assembly, such as the firing trans-
former 3504, the firing capacitor 3505, the
resistor 3506 and the flash tube 3507, the
thyristor 3503 being connected across the
series arrangement of the capacitor 3505
and transformer: 3504.

The device operates as follows:—

When switch 3501 of the light duration
control device of the flash unit is closed, the
photoelectric remote triggering device is also
rendered operative. The light-sensitive ele-
ment operates in this case principally as a
photoelement without any steady-state elec-
tric current.

In this mode of operation, when the ] light
from ‘an external main flash instrument
reaches the photoelement 3508 of the slave
flash unit, it produces a voltage pulse which
triggers' the thyristor 3503 via the switch
3501 and capacitor 3502, and thus the flash
tube 3507 of the flash unit.

Thereafter, the Jight duration control de-
vice operates in the same manner as was
described in connection with Figure 6, i.e.
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VWHAT VE CLAIM | S: -

during the 1. A light sensing device conprising in
capacitor in response.tqo. 2
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conprising a
| enses or a | ens having a plur-
ality of‘7parts of different focal

neasurin

ref | ect eeef fhoiight reeiys

el e- “dted

resul t.
f or
of theJ
coi nci de
parall e

pul ses,
circuit d
cl ai med

i
A

in

damil wh

1, 309, 77

1

associ at ed %ﬁ% Gri éja
recei vi ngs nmmpslmﬂtemlsmmﬁu
I'en

controll

conmbi nation:

light flash tube and generated

di scharge of a

°W

T St %
st {h e S0

#ﬁ fhe Viki 4

%\ %ﬁdnﬁ@e
photo-

a errors inality Mﬁg&t-kéﬁslﬂ e amﬂerwm

by the dis- uplommtbs agiystebibe and wi

wher ei n

i ncl udes” neapﬁwﬁg

el ement
reS|stor
An arran

a gas- dura hg

1

..>

which is COhﬂﬁCMﬂﬂeﬁﬁhxﬂﬂﬁm&damiﬂmpmim
35

40

45

50

55

60

65

the usual mamer by a lens 3604. The re-
flected light to be measured is received by
an optical fibre element 3602 of a dual field
light receiver embodying -the invention,
whose front face is. directed towards the
source of reflected light to be measured and

whose rear face is directed towards the

light sensitive element 3601 in the control
circuit. The front face of the element 3602
is aligned with a slot 3603 in the unit hous-
ing and is connected to any suitable mech-
anical arrangement (not shown) for allowing
a pivotal movememt to direct its front face
towards the light to.be measured. For direct
flash, the element 3602 has the position in-
dicated in solid lines and receives light com-
ing in the direction of the solid arrow; for
bounce flash, when the unit radiates light at
right angles to the subject, the unit 3602
has the position shown in broken lines and
senses dight coming from the subject, in the
direction indicated by. the broken-line
arrow. For intermediate bounce flash direc-
tions, the unit 3602 can be placed in any
intermediate position between the two ex-
tremes illastrated. .

Tn the case where the device contains a

-plurality of light-sensitive elements which are

oriented in different directions, the selection
of the light-sensitive _element or elements
employed can be made by electric, -elec-
tronic, optical, or mechanical means, etc.
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the correspondmg elements shown in Figure
7. The pulse generated by unijunction tran-
sistor 3806 is transmitted by the pulse trans-
former 3809 to the internal low voltage con-
trol electrode 3807 of the gas-filled switch-
ing tube 3808. .

Figure 30 shows a highly sunphﬁed control
circuit including a gas-filed switching tube
3902 provided with an internal low voltage
control electrode 3903 directly controlled by
the integration capacitor 3901. The terminal
voltage of the integration capacitor 3901
controls the fining of the gas-filled switching
tube 3902 directly through the internal low
voltage control electrode 3903, when a suffi-
cient quantity of light has reached photo-
transistor 3904. _

The circuit of Figure 31 is substantially

réceiving means
I ncludes 115 plurality of
device as:

fpr

mf tevmffbe Qsemgtberm@uﬂ gﬁiorsaerﬁsu tive
cally
%t?omm réjis?cﬁ%éspie% PN afng.ges 120
s emploYSf @rz;asrﬁl@dtllrl swm; auheng;?é arel
WIth an ngenent
R S RE T oo on

Aagd| S resiftors SO LN BT0AItb y
'h@hﬂﬁﬂﬁGGOHEﬁﬂwmbhtéﬁtlaIIy

80

A T
g/ to

duced by

#tora38@épa0| tor,

rs
gggi g e, and
9 tube

100

105

110

115

the same as that of Figure 30 except that .

the internal low voltage control electrode of
the gas-filled “switching tube 4002 is con-
trolled directly by a photoresistor 4001 which
simultaneously serves as the light integrator.
The control voltage of the internal electrode
of the gas-filled switching tube 4002 is ob-
taihed at the terminals of a variable resistor

4003,

_Figure 32 shows a circuit employing a gas-

120

125

filled switching tube 4104 provided with two -

interna) low voltage conirol electrodes 4101

-and 4102 one of which is polarized by a

voltage divider at a fixed voltage whereas

the other is controlled in the same manner
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10 light flash tube in response to electrical as to be triggered in order
to control such pul ses produced by the discharge of a capa- pulses in
response to such neasurenent and citor and including nmeans copprising a

| ight which has an internal [ow voltage control ‘sensing device as clained
in d 1 for electrode which renders the tube conductiwve neasuring the
Iightggggbtity reflected froma when a voltage of between 50 and 1000 75
15 subfect illum nated by the flash tube. volts is applied to it. 15. An
arrangenént for controlling the arrangenent _as clainmed in 0 aim
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to perform an arc operation.

As can be seen from Figure 34a, which
shows a modified embodiment of the device
of Figure 34, the enclosure here shown at
2103 can be formed in the shape of a tube,
being delimited by two electrodes 2101 and
2102 of the ““socket” type and of large sur-
face area. The length of this tube is about
the same as its diameter.

WHAT WE CLAIM 1S: —

1. A light sensing device comprising in
combination :

{a) light receiving means comprising a
plurality of lenses or a lens having a plur-
ality of parts of different focal lengths; and

(b) light sensing means comprising one
or more photoeleciric light sensitive ele-
ments, optically associated with the light
receiving means so that the said lenses or
lens parts have different angles of accept-
ance {as herein before defined) the bisectors
of which angles are substantially coincident
or substantially parallel with each other, for
simultaneously receiving the light associated
with both or all the said angles of accepi-
ance.

2. A device as claimed in Claim 1 which

said transducers is connected.

10. A device as claimed fin Claim 9 for
use with a light flash generator, wherein the
said computing circuit comprises a light dur-
ation control device for controlling the dur-
ation of the flashes produced by the gener-
ator in response to the light received by the
said }ight sensing means.

11.  An arrangement for controfling the
duration of the fight pulses produced by a
light flash O(fmbe and generated durrmgt the
discharge of a capacitor, in response to a
mmls%:gment of the result produced by each
such pulse, wherein the arrangement includes
means comptising a light sensing device as
claimed in Claim 1 for measuring the light
quantity reflected from a subject illumin-
ated by the flash tube, and two zener diodes
connected for providing threshold voltages
for use in comparing said result.

12. An arrangement for controlling the
duration of the light pulses produced by a
light flash tube and generated by the dis-
charge of a capacitor, in response {o a result
produced by such pulses, which includes a
circuit compnsmg a light sensing device as
claimed in claim 1 for measuring this result
and a compensating element which is con-
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operation of the arrangement. 26. A light sensing device as
claimed in 18. An arrangenent for controlllng the Caim1l and
generated by a flash tube
response to the pul ses
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said tube in response to the application of
sufficient light to the sensing device, wherein
the arrangement comprises an automatic
switching means connected in the said cir-
cuit for causing this circuit to control the
duration of the flash produced by the unit
after the commencement of this flash.

16. An arrangement as claimed in Claim
15, wherein the said automatic switching
means connects the light sensing device so as
to cause the light received by this device to
provide a signal which controls the duration
of the flash,

17. An arrangement as claimed in Claim
16 which further comprises a switch for
preventing the automatic light triggering
operation of the arrangement. :

18. An arrangement for controlling the
light flashes generated by a flash tube in
response to the pulses produced by the dis-
charge of a capacitor, wherein the arrange-
ment comprises a light sensing device as
claimed in Claim 1 for measuring the light
quantity reflected from a subject luminated
by the flash tube, and a light conductor
which is optically associated with this device
and can be swivelled to receive the reflected
light independently of the direction of the
light produced by the flash tube,

19. ‘An arrangement as claimed in Claim
18, wherein the orientation of the said light
conductor is adjustable.

20. An arrangement as claimed in Claim
18, wherein there are a plurality of fight
sensing devices and the arrangement further
comprises means for selecting which devices
are to respond to the reflected light.

mBh Fanged
i @u%k%ﬁgﬁbsﬁﬁf
b of a light flash by the

duration of the light pulses produced by a
light flash tube and generated during the
discharge of a capacitor, wherein the ar-
rangement includes a light sensing device as
claimed in Claim 1 for measuring the light
quantity reflected from a subject dllumin-
ated by the flash tube, a light-responsive,
gas-filled switching tube connected for con-
trolling such pulses in response to such
measurement, and an electrically responsive
light emitting element which is optically
linked with the said tube for producing a
light output which triggers conduction
through the tube.

25. An arrangement as claimed in Claim
24 wherein the said light emitting element is
constituted by a gallium arsenide diode.

26. A light sensing device as claimed in
Claim 1 and substantially as herein described
with reference to the accompanying draw-

27. An arrangement as claimed in any
of Claims 11, 12, 21 and 24 for controlling

pulses generated by the discharge of a capa-
cltor substantially as herein described with
reference to the accompanying drawings.

28. An arrangement as claimed in any
of Claims 14, 15 and 18 for controlling light
pulses or flashes substantially as herein de-
scribed with reference to the accompanying
drawings.
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