ELES;EONIC FLASH APPARATUS This inventiron.relates to electronic fla§h
t

»

ap us of the type having a control circuit which produces a fhas ? ;3

term nating signal upon receipt by a sensor of a specific amount of rlght
Automatic el ectronic flash apparatus tas & |ight responsive.control circuit
whi ch generates a flash term nating signal when enough reflected flash
l'ight has been received by a sensor to indicate that the filmwll be
correctly exposed at a given.aperture. Wth such_:._.arat us, the canera - F"
shutter is fixed at an easEhECIRONEC BIASH APPARATUS oxanple, at 1/60th of
a second and the canera aperture is set to correspond with settings on the
flash apparatus. Such apparatus can be used in high anbient |ight
conditions as a fill-in ash, However t hout  spe adj ustpent. to the
camera, the conbined Hziﬁ%%wépﬁﬁ%téﬁP théﬁﬁﬁaﬁ |éiﬂqﬁr é£§%§g the -
film at 1/60th of a secon% ﬁg %hutt r speeds approaching correct exposure,
for. exanpl e, ¥ 2 Gepntred adROULY domi nated by

s S U SR Rl R
sug:t alntsl ZFIt yqy]& 4%8{:"?:0 %BS$+%%Em3§§§f% %t:\eagiﬁgg{:’t rgfzei vlag and '.

Automatic electronic flash apparatus has a light '

responsive control circuit which generates a flash _
terminating ,éignal when enough. reflected flash light has
been received by a sensor to indicate that the film will
be.cofrectly exposed at a'éiven aperture; With such
apparatus, the camera shutter is fixed at an easily
'synchronized speed, for example, at 1/601:11 of a second
and the camera aperl:ure_ is set to correspond with settings
on thé flaéh apparatus.

Such apparatus can be used in high ambient light
conditions as a fill-in flash. However, without special
adjustment to the camera, the combined flash and ambient
illumination will overexpose the film at 1/60th of a
second. At shutter speeds approaching correct exposure,
for example, at 1/500th of a second, exposure will be
heavily dominated by the flash.

Skilled photographers solve this problem by.
setting the aperture on the camera one or two stops
narrower than the aperture for which the .f]_.ash is set; The
flash output then terminates at a pbint at which substantially
less light then the film requires has been received, snd




- 2 - the rest of the exposure is by anbient light. |If an electronic
shutter is used, the ambient-to-fdash ratio will be constant without reddrid
to subj éct distahce, subject reflectivity or level of anbient l|ight.
Unfortunately, .5 this approach is not automatic and requires a canera

having a variable aperture. U S. 4,192, 587 describes a canera-flash

conbi nati on which senses the l-evel of anbient illum nation and, using a

di aphragm shutter fires the flash at a narrower aperture 10 in high

afthi ent light than it does in | ow anbien2 4ight. This automatically gives
sonmewhat the' sane effect as the manual aperture control. However, it
requires a canera with a variable aperture, and the control el ectronics are
conplicated and nust be built into the canera. 15 It is the

obj ect of the ithentesd 60 theVedposire! £stbpnasbientn aghel atTs &ving a
control circuit of the type which produces a flash term nating signal upon
recei pt of a spereé¢tromivushubttenndscused) uthél ambiéntsto-PLashhratioi | |
make an automatic adjustnent for exposure 20 requiring fill-in flash in
hi gh anmbi ent | iwitlchedconshanti vithout hregard torsubject udisbancej aphr agm
or extrenely conplicated canera circuitry. This obLect I s acconplished b

the provision ofukjieet pefleetivity o hevel ol ambientlightei FtF%@¥Q$Y:
LR S P E AR R TN -
. a variable aperture. .
5_-U.S. 4,192,587 describes a camera-flash combination
which senses the levei of ambient illumination and, using
' a diaphragm-shutter fires the flash at a narrower aperture
10 1in high ambient light than it does in low embient light.
Thié.automatically gives somewhat fhe'same effect as
) the'manual apérture control. However, it requires a
camera with a variable aperture, and the control electronics
are complicated ahd must be built into the camera.
15 | It is the object of the invention to provide an
.electronig flash apparatus having a confrol circuit of
the type which produces a flash terminating signal upon
L réceipt'of & specific amount of ambient plus flash 1light,
. but which will meke an'automatic-adjﬁstment.for exposure
N 20 reﬁuiring fill-in flash in high ambieﬁt light conditions
without the heed for an adjustable diaphragm or extremely
complicated camera circuitry.
- This object ié-accomplishea by the provision of
electrpnie flash apparatus having a control circuit for
25 producing a flash terminating signal, en eambient light

level sensing circuit for measuring the average light re-



edted froma scene and for providing a binary output in dependence upon
wh@ther the ambient light |evel is below or above a predeternined |evel,
the/control circuit includ- ing photoresponsive neans and a two state
Imtegrating 5 circuit for integrating a signal indicative of the anplitude
-of light incident on the photoresponsive neans having been reflected from -
the scene during a flash:exposure, the.ifstegrating circuit operating inits -
first state when the binary output of th¥ anbient 10 |ight |evel sensing -
circuit indicates that the anbient |light |evel is below the predeterm ned ;;3
| evel and producing a flash term nating signal when the inteygrated signal

correspondslbetbharrapPao8kbabeahar r gl R a5 f a osyre, and_t
operating in 15 the second state &hgﬁftﬁgaﬁﬁﬁgr gu?%%?}tfapﬁgégnilent ' -

li ght |eveldependengeciiponi whetHepathe &hiBiehbeldpghtenbybi ol ‘oéﬁ{[&lv i s above
~the predeterm ned | evel and producing a flash term nating signal when the

i nt egr at edo¥i ghavecar peefetedrmined hewdd|etheneontPol’ esrbaitointnas-
appropriate for termnating.a full flash exposure. The . present invention
w || now béngcpbetprgsponsive means and a two state integrating

5 circuit for integratipg a signal indicative of the K
amplitude of light incident on the photoresponsive ;ﬁ
means having been reflected from the scene during a
flash exposuré, the 1ntegf§t1ng circuit_operating'in
its first state when the binary output of the ambient

10 light level sensing circuit indicates that the
ambient ligﬁﬁ-levél is below the predetermined level
and producing a flash terminating signal when the
integrated signal cor:esponds to that approptgate for
terminating a full flash exposure, and operating in

15 the second state when the binary output of the

- ambient light level sensing circui£ indicates that

' ﬁhe ambient light level is above the predetermined
ievel and producing a flash terminating signal when

the integrated signal corresponds to a predetermined

PO

20 fraction of that appropriate for terminating a full L

flash exposure.



by way of exanple, .with reference to the acconpanying draw ngs, in which: /"
Figs. 1.6 are Schematics. of circuits or portions 5 of circuits for an &,
el ectronic flash apparatus according to various enbodi ments of the

i nvention. Because electronic flash apparatus is well known, the present
description will be directed in particular to elenments formng part of, or
cooperating 10 nore directly with, apparatus in accordance wth the
invention. It is to be understood t hat electronlc fl ash apparatus and
cadera el enents not speC|f|caIIy shown or*descri bed may take various forns
wel | known to those skilled in the art. 15 B According to Fig. 1
an electronic flash apparatus 10 includes a |ight-responsive control
circuit for producing a flash'terninating si gnal upon receipt of a specific
amount of light. The control circuit - includes a light-level sensing.
circui't 12, an |ntegrat|ng circuit 15 and a threshol d-setting circuit 30.
The light- level sensing circuit 12 includes a photoresponsive el enent 14
arranged to receive light reflected froma photographic scene. The circuit
12 produces a logic 0. (low Ievel) output S|gnal if the ambient |ight

Gito St Y Che” e e hAERRSE TR aflnde 58 dedod bl )
P by way of example, with reference to the accompanying
drawings, in whichs .
| Figs. 1-6 are schematics of circuits or porticns
'5 of circuits for’ an electrcnic flash apparatus acccrding
%o varicus embodiments of the inventicn.

” Because electronic flash apparatus is well
kncwn, the present descripticn will be directed in
'particular to elements fcrming part cf, or cccperating

10 more directly with, apparatus in accordance with the
invention. It is to be understood that electrcnic flash
apparatus end camera elements not specifically'shcwn or
described may take various forms well known to those
skilled in the art.

18 © Aecording to Fig. 1, an electronic flash

. -~ apparatus 10 includes a light-responsive control circuit

B - for producing a flash terminating signal upon'receipt

" of a specific amount of light. The control circuit



the predetermned level. Light-level sensing circuits of this type aré€

wel nown i n the photographic art and are di.sclosed in a variety .of

p i ncludi ng the aforementioned U.S. Patent No. 4,192 6 587, and U.’S.

pa S Nos. 3,860,936 and 3, 924, 263. £Phot o-responsi ve el ement 14 shoul d
ei thér have a sl ow response, or |nclud5 a low pass filter, to prevent its
out put being significantly affected by the light emtted by an el ectronic
flashtube 18 referred to below. Integrating circuit 15 includes a

hi gh- speed phototransi stor 16, and a timng capacitor 17. Light emtted bywc.
the flashtubtnabudes eelightedevedmsensing dircukt dbd; amokntagrating :
phot otransi stor 16, and produces a_current, which is ro ortional _.to the
intensity ofcineuitghb an§|ﬂg¢h§e§&9141setmin$WQi¥ﬁ sP@s or Thecdighir
charges the capacitor sQ that the voltage acraqgss the capagi t or
corresponds + 3@ esBBﬁﬁpgtP+€Q%= #}(ﬂnq %ﬁ%s RietevespenghveceLenend: or

o ﬁ‘;ir Lf: EP?&?&%&%& b Fpoe 'Qia;}megf SRR LErRa BRP “%%Eet%ged
wih Tl ashlLagoer gy GublolS 19 @ AULR00e L0 ESRSCiue! Yegasy
(he oW ich (ot Ssggaaidif e it 4 g0 i BerbBe) | 25" HRS 01D Y

means wel |

below a predetermined level, and a logic 1 (high level)
output signal if the ambient light intensity is above
:”the predetermined level Light-level sensing circuits
-of this type are well known in the photographic art and
are disclosed in a variety of patents including the
.aforementioned U.s. Patent No. 4 192 587, and U. S. Patents
Nos. 3,860,936_and 3,924,263. Photo-responsive element
14 should.either have a slow reSponse, or include a low-
pass filter, to prevent its output_being significantly
affected by.the light emitted by an_electronic flashtube
| 18 referred to below. , .

Integrating circuit 15 includes a high-speed
phototransistor 16, and a timing capacitor 17. Light .
emitted by the flashtube 18 end reflected from a scene is -
.incident upon the phototransistor.lé, and produces a
current,-which.is proportional to the intensity of the
light impinging upon it. The‘phototransistor's current
cnarges'the capacitor 17, so that the voltage across the
capacitor corresponds to the cumulatiVe amount of light
sensed by the phototransistor 16 while the capacitor 17 is
charging. :



el ectronic flash art. In response to the trlggerlng of the flashtube 18, a
flash-firing capacitor 21, which .is charged by a suitable DC to DC m

convertér (npt shown), discharges through the flashtube 18 thereby
producing a high-intensity light pulse. Wien switch [err] is open, the
current produced by the phototransistor 16 charges the capacitor 17. \Wen
the voltage across the capaC|tor 17 equal the voltage across a resistor

22, a conparator 23 produces:a logic 1 |evel output_5|gnal i.e., a flash
t;ﬁninating signal. In response to the conparator's logic 1 | evel output
signal, an SCR 24 is ca sed ond u C|rcu 6 tq.fire a
quench tube 28. As is Fl u'f?l% ‘ih%mt']?ﬁﬁ é]ube Mtsht ube

i or Pupti ng. PRESPEERE aiire otih 4 #’ﬂ?%?f%%h B AR ?Eﬁ?%#%’f&ta #f oh

i ncl udes the %E%h?hokle%h*%ﬂ é¥(§i§EEEEQI% FOR té??ﬁhggﬁbt%4rés§ectively |

arranged to vary the~anount o reqU|re t0 De Séns
1L L0 Seent Ll B Wi o Rl Bt Byl
A1 o i ity o A, e
ig therefore 19 triggers the flashtube 18 by means well known in the
electronie flash art. In response to the triggering of the
flashtube 18, a flash-firing capacitor 21, which is charged
by a suitable DC to DC eonverter (not shown), discharges
through the flashtube 18 thereby producing a high-intensity
light pulse. | | |
When switch Sl is open, the current produced by
the phototranszstor 16 charges the capacitor 17 When
- the voltage across the capacitor 17 equals the voltage
across a resistor 22, a comparator 23 produces a logic 1
level output Signal, i €., a flash terminating Signal.
o In response to the comparator's logic 1 level
~output signal, an SCR 24 is ceused to conduct, which
S | causes a circuit 26 to fire a qnench tube 28; As is well
known'in the ert, the tube 28 diverts fiashtube firing
_ cnrrent from the capaciforr21 away from the flashtube 18,
thereby interrupting its light emission. | -
The thresholdfsefting circuit 30, which includes
_the“resistbr'zz,_a resistor 32 and a PNP transistor 34,
is arranged to vary the amount of light required to be
sensed by the light-responsive circuit for producing
the flash terminating signal. The resistor 22 and the



> above the aforenentioned predeterm ned level, the logic 1 signal produced
the light-level sensing circuit 12 causes the PNP transistor 34 to be
-conductive. In this case, the voltage [err] equal s: 10

B/[err] where R22 and R32 are respectively the values of the resi stances of
*the resistors 22 and 32. 15 When the anbient light is low, the
logic O level signal produced by the ITght-1evel sensing-circuit 12 causes
the transistor 34 to be driven into saturation. In this case, VR32 equals

the collector-emtter saturation voltage of the transister 34. 20 oo
The resistances of the resistors 22 and 32, and the transistor 34, are et

sel ected so tpabikBer'3Rt foemaar volthge d¢vider. 2Thenvbitege aecwpest |ight
i s about one-fourth the voltage across the resistor 22 in_| ow anbi ent

light. -TheretheeresiistbrgBe,r ﬁ@ nseqnalsraureguiateéuwpéﬁaSGv2§hggnse
about one-fourth the Ilight when e anbient light iis bright than when the
anmbi ent | i ght less| the NDﬂ&BGepﬁ@Gagﬁth#h€eﬁﬂ§ ﬁftégniﬁhggng si gnal .

Accordingly, for nornal ran t he ,f | e
one-fourth the Iight i nWbeny 3 i&ﬁ%t #ér%rgﬁﬁg ﬁnélg %E@%§F°re
}O[]O‘F’}’g?sz' a ovedthe a%rorfe%elntfilo%sé preddtetmAba’ 1980 kiR A dgi S o,

' signal produced by the light-level sensing circuit 12 }q 

3

causes the PNP trensistor 34 to be non-conductive. In
‘this case, the voltage Vpso equals:
10 _ VREF x . R32 -
- §52+E32
where 822 and R32 are respectively the values of the
resistances of the resistors 22 and 32.
15 ' When the amblent 1ight is low, the 1ogic 0 level
‘signal produced by the light-level sensing circuit 12
‘causes the transistor 34 to be driven into saturatlon.
'In this case, Vhsé equels the collector-emitter saturation
voltage of the transistor 34.

20 " The resistances of the resistors 22 and 32, and e
' ‘the transistor 34;.are selected so that the voltage across S
the resistor 22 in bright ‘ambient light is about one-fourth

the voltage across the resistor 22 in low ambient light.
- Therefore, the light-responsive circuit is required to
25 sense about one-fourth thezlight when the'ambient light
‘is bright than when the ambient light is low, before
producing the flash-terminating signal. Accordingly, for



where el enents simlar to the elenents of Fig. 1 are identified by like
numeral s. Electronic flash apparatus'36 includes an integrating circuit 1
and a l'ight-level sensing circuit 40. Elenents of the threshold setting
circuit are included in the integrating circuit 15 . The light-Ievel
sensing circuit 40 produces a logic 1 out pyit si gnal i f t he ambi ent |ight
intensity is below a predetermned level, and a logic O output signal if
the anmbient light intensity is above the predeterm ned |level. The
threshol d-setting circuit includes an auxillary timng- capacitor 41,

connected in series with the phototransistor -6, and an NPN tran5|stor 42.
The base of tmngﬁié@@rsubﬂﬁ§ Sonitde &dashiyhe ok Rroducesone-fourth

respestively’ &Iﬁﬂ%ﬁiﬁ%ﬁsﬁ?@ﬁ'ﬁé&ﬁ&%e%ﬁ “fn BLa%E. ow, ¢ he
br oduced by’ tHRBrbF cPraREReRotn: §ot TaEitedor AT AFER ' he current
EP?Q%?ZLB%E?"??QL?“ o B eRRBRave, %%éd%é%%ﬁ&ﬁ%cﬁﬁaﬁk Rice,
e cur e kg "g ilehts BIGNTLRY i emantd kRGO gl 10 e
%Pe rate of 'iﬁéﬂfffi@& 8% like numerals. Electronic flash apparatus
36 includes an integrating circuit 15' and a light-level
sensing circuit 40. Elements of the threshold setting
- circuit are included in the integrating circuit 15'.
The light-level sensing circuit 40 produces a logic 1
. output signal if the ambieet light intensity is below
a predetermined level, and a logic O output signal if the
ambient light intensity is above the predetermined'level.
The threshold-setting circuit includes an auxiliary timing

.capaciter,&l, connecteé in series with the phototransistor
16, and an NPN transistor 42. The base of the transistor
42 ie connected to the output of the level-sensing circuit
40, and its collector and emitter are connected respectively
to the capacitor 41 and ground.

When ambient light is low, tﬁe circuit 40 causes
the transistor 42 to conduct. In this case, the current
produced by the phototransistorils,is divided. One portion
:of-fhe current charges the capacitor 41 and a second portion
charges the capacitor 17.

In bright ambient 1ight the transistor 42 is
non-conductive. In this case, the current produced by the

phototransistor 16 is blocked from charging the capacitor



integrating circuit 15 is thus inversely proportional to the sum of

h the capacitance of the capacitor 17 and.the capacitance of the
capacitor 41. In bright anbient light, the rate of integration of, the’
integrating circuit is inversely proporgional to only the capacitance of
the capacitor 17. As an exanple, the ratio C17 + C41 [err] is nade
approximately four to one. In this instance, when the anbient light is
| ow, the cunmulative light required to be sensed by the integrating circuit __
15' to charghl|handapheirges bhlyo the dapaeitar P oducing a flash- N
term nating signal for quenching the flashtube 18 is four tinmes the =
cunul ative |ight requi Indlow lambdendedight, tthe andtenof| fnkegratdong et
The operation of the apparatus of Fig. 2 is simlar to that of Fig.. 1 in
that for subtket integmating: cimonit %&bei-s)fthm imagnﬁelﬁepmsgﬁ%&@@aﬂe
produces fill-in flash, in bright anmbient light, that is one-fourbT t he
anmount of thbof the sumsefpbetlcdhe rcapacibanesof the capacifofot/ansi st or

16 senses light reflected froma scene which |jght,pnornglly ingludes

anbi ent | i ghendpsbeusapard tansemt Iﬂb?uth'Pﬁ@Ltg?yhis bk ch lower.
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anbient Iighgi¥8%£% is inversely propdrtional“to.only the capacitance &
of the capacitor 17. As an example, the ratio Cp, + Cyy
| | | | 17
is made apprbximately four to one: In this instance, when
fhe'ambient light is low, fhe.cumulative:light required
‘to be senSe& bj the integréting circuit 15! to’charge |
the capacitor 17 to a voltage for producing a flash-.

- terminating signal £qr quenching the flashtube 18 is'four
times the cumuilative light required to be sensed when the
ambient light is bright.’ The operation of the apparatus
of Fig. 2 is similar to that of Fig. 1 in that for
‘subjects within the normal renge of the flash, the flashtube
18 produces fill-in flash, in bright ambient light, that |
is one-fourth the amount of the full flash produced in low e
embient light. | | | | -

The phototransistor.IS senses light reflected

from a scene which ‘light normally includes ambient light.
Because the ambient light intensity is normally much
lower than the intensity of the electronic flash, and

because the duration of the electronic flash is normally no



generally have little influence in the regulation of the electronic flash. (%E;
However, the fl:ash can be controlled independently of the anbient |ight by -
separating the current produced by the phototransistor. 16 into two '
conponents, i.e., one due to anbient |light and the other due to electronic

fl ash. The conponent correspondi ng to.thﬁéanbient woul d be substantially

DC, indicating the intensity of slowy changi ng anbi ent, and the conponent
relating to the electronic flash would be AC, indicating the rapidly

chahgi ng flash. A suitable highpass filter can be enployed to renove the DC

comOnert | SR el SHSye! Bras t¥gesBhasorhibatiied AP ysaher o
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transistor-42 is connected in parallel wth capacito
polarities. elgetrory fladlpw ot her enbodi nents of the invention which
have t he "advant age that the sane photo- responsive elenent is used in the

integrating circuit as Howenwer, i théhflasihtahevel contriold ed rfiidpendently
According to Fig. .3 a phototransistor 116 charges an integrating capacitor
D eaches o spectic anounts 5ty sior 115 Becomes comtot e anay BP"
‘rgoduces a f ltheh photietransistonnib . ithe bwbt agmpohendiscilt.ae. 1 bmé due to
o v ambient light and the other due to electronic flash. The
component corresponding to the ambient would be substantially
- DC, indicating the intensity of slowly changing ambient,
and the component relating to the electronic flash would be
| AC, indicating the repidly changing flash. A sultable
highpass filter can be employed to remove the DC component
from the phototransistor's current so that the flash is
regulated independently of the ambient light.
' In a modification of the Fig. 2 embodiment the
~ capacitors 17 and 41 are connected in series, and the
transistor 42 is-connected in parallel with capacitor 41,
- with suitable poiarities.
. : : Figs. 3 and 4 show other embodiments of the
invention which have fhe advantage that the same photo-
responsive element is used in the integrating circuit as is
used in the light-level sensing circuit.
' According to Fig. 3 a phototranSisfor 116 charges
an integrating capaéitor 17 as in the firs% two embodiments.
When the voltage acroés the capacitor 17 reaches a specific

-amount, a thyristor 115 becomes conductive and produces a

‘flash terminating signal. The voltage of capacitor 17 at




e point at which thyristor 115-conducts is equal-to the voltage ‘across a

&si stor 32 of a voltage divider conprising resistors 22 and 32 pl.us the

gat e- cat hode voltage of the thyristor 115. In high anbient |ight . '
conditions, the light falling on the phototransistor 116 exceeds a
"predeterm ned value and a transistor 121 becones conductive, permtting a
capacitor 118 to be charged via a diodefl117. A transistor 120 coupled to

the capacitor 118 then conducts thereby bridging the resistor 32 to reduce....
the value at which thyristor 115 becomes conductive. ~Capacitor 118 keeps %4}

the base vol 5P pls it %t okh 1Ry PEBELEN 18UE VRGOS Mt it i n

Figs. 1 and Z; err] are open and cl osed respectively while

the shutter i1 adMWReEDEL6H038 b B yoltage divdudn|dompirbsinge

as the Fig. 3 enbodi nent, except that switches S1 and S2 are replaced by

sem conduct opensigties 22 dnd 32rplag thengateecathédeavblizbgeoL thee
swtched to the on-state by coupling capacitors 139 and 138 connected to

the base thettfrigtor XSO capacitor 21 is discharged through the

fl ashtube 18. The enbodi nment sho in Fig. 5is generally simlar to the :
enbodi ments shown in Filgs higham emtubggbtncan fdonsat dbhes Iighth inthr  °
Fig. 3 and 4 enbodi nent except that the light-level sensing circuit is ¢

physi cal |y pfedling i dhephototzanaistaz dl6aexseedse & muedefermined o

‘A

value and a transistor 121 becomes conducfi#e, permitting a
capacitor 118 to be charged via a diode 117. A transistor
120 coupled to the capacitor 118 then conducts thereby
bridging the resistqf 32 to reduce the value at which
thyristor 115 becomes conductive. Capacitor 118 keeps the
base voltage of'transistor 120 constant during the fiaéh
period. , .
AS in Figs. 1 and 2, the switches S, S, are

open_qnd closed respectively while.the shutter is open.

_. The embodiment shown in Fig. &4 is essentially the
same as the Fig. 3 embodiment, except that switches S,
and 52 are replaced by semiconductor switches in tl;e form
of trensistors 140 and 141 which are switched to the
on-state by coupling capacitors 139 and 138 comnected to

'4.. e _‘

the base thereof when flash capacitor 21 is discharged
through the flashtube 18. o

' | The embodiment shown in Fig. 5 is generally
similar to the embodiments shown in Figs. 1 and 2 though.
~containing features shown in thr Fig. 3 and 4 embodiment
except that the light-level sensing circuit is physically
part of the camera. This has the disadventage that the



fl ash apparatus itself cannot then be enployed with a canera not speC|aII5‘.
built for it..However, it has the advantage that it utilizes circuitry w0
al ready eWponed for ot her purposes in the canera. For exanple, a
light-level sensing circuit 100 used for low light signalling in the *
~canera can supply the appropriate signal to the flash apparatus to control
the point at which the flash termnatin «S|gnal I s produced. The enbodi nent
shown in Fig. 6 is simlar to the enbodi nent shown in Fig. 4 except that,
like the Figs 1 and 2 enbodinents, separate photoresponsive elenents are

Used in the |nte%aat|ng circuit and in the li ght-level sensing circuit.
Thi s makes t hBlagshneppasatus)itgelle ceppoty than hesmployed Withya The

Carmor o havi ngPeEER CBOFoPECS AMLYoPIIATARR Lt SRS TN th BRBs LS
T
ubj ect(ui { FTEBERCONERPAGH A g SbI 4 aBia? P Lfe BctiBhtrigvel
vent on cadgastERSELFRRLE, A08 a0 Y, °Zf‘vfi§°g’ﬁ$i°%?%£?1%l‘%?#§ﬂ§t e,

gam%‘r as Wi thosdmaps cbah! 5ABLEyS tuke! Spr¥dpritdd B Agh2t! €95the flash
apparatus to control the point at which the flash terminating

signal is produced. | . _
. The embodiment shown in Fig. 6 is similar to the .
embodiment shown in Fig. 4 except that, like the Figs 1 and
2 embodiments, separate phatoreSPOnsive elements are used
in the integrating circuit and in the light-}evel sensing
circuit. This mekes the transistor 14l in the Fig. L
embodiment unnecessary. |
The present inventidn_achieves its most remarkable

results when used with a camera having_an electronic shutter,
that'is, a shutter which closes in response to a signal from
a light'integfating circuit. When so used, a fixed flash

v ta ambient ratio of light will expose the film in the f£ill-in
flash mode regardless of the level of ambient light, distance
of the subject (within the maximum range of the flash) or
brightness of the subjeat. However, electronic flash
apparatus according to the present invention can be used
with cameras not having an electronic shutter. With cameras
without an electronic shutter but having an automatic
aperture control or no exposure control, there is some chaﬁae

of overexposure, depending upon the ambient light level and



®(ture control or no exposure control, there is sone chance of

?? exposure, dependi'ng upon the anbient-light |evel and  the exposure
i/ftude of the film However, this chapce is greatly reduced - with'the

present i nvention, as compared to usi'ng=tull flash in high anbient |ight

conditions. An advantage of the present invention is that it can be

i ncorporated in a detachable flash apparatus and is then usable wth known

canmeras w thout the special canera circuitry shown in the prior art. —

However, as the o Iatitwieret ticerfilal! Howebewgnthdls chamcery . J

can be incorporated in the canera if the flash is designed especially for °

that canera. iEhgreatlypsediuddd ovbth theepresentnihveniongnias coanparedfic

application, the present invention can be used, in a canera-flash

conbi nati on ito wsing stuld flash i highdasbienddlightuiconditdons.sical ly

| ocated in the canera. Fig. 5 is an enbodi nent which uses this approach to

save el ectroni c conpondint fdvantage cofttheopresent: dsventioneds dhatay al so

be used in conjunction with a flash £$rnanent[é built_into a canera and, as

ment i oned abd¥e cabhel ipGrrrereted incg detarhaphs: £d aopamatug epd
¢! .ECt rone sg.lét tt%rén uSa%fg '\v/vsith known cameras without the special camera .,

_eircuitry shown in the prior art. However, as is well .
known in the art, nearly all flaSh'control circuitry can
- be incorporated in the éamgra if the flash is designed
especially for that camera. Thus, if use with other
camears is not impdrfant téﬁg specific application, the
-present invention can be used,in'a camera-flash combination
in which some or all of the disclosed circuitry is physically
located in the camera. Fig. 5 is an embodiment which uses
this approach to save electronié comQOnents.-
The circuitry of the present invention may also
be used in conjunction with a flash permanently built inio'
‘a camera and, as mentioned abdve, wbuld give its best

- results if that.qamera utilized an electrpnic'shutter.

» ..! ~



the anbient |ight level is belowthe pre

1. Electronic flash apparatus having a control circuit for producing a
flash term pati-ng signal, an anbi.ent 1ight |evel sensing circuit for 5
measuring the average light reflected froma scene and for previding a

bi nary out put in dependence upon whether the anbient |ight |ey | s bel ow
or above a predetermined |level, the control circ \m“mﬁ! “r““m“‘

phot or esponsi ve neans and a two state_integratin Ndifee! t *

i ntegrating a signal indicative of the dhplitude of I'ight Incident on the

ho oresponsi& ns having been reflected fromthe scene during a flash
2§ﬁésure, thefﬁﬁiggrating circuit operating in its first state when the
bi-nary output of the anbi gnlee n{@NiE1 el gyayg SaAWL o Ndi cates that
- ligr : _ E‘l"ec&o‘dﬂ:htflaesggta m. ned Igi\/are‘}lzll‘ﬂzfﬁuﬁJ produci ng a
flash terni nebnegodi Wﬁbu\ﬁhelfoﬁ:hFrbﬂhQQh%tQdﬁbﬁhalteﬁ'ihﬁ%ﬂﬁ'gds to that
appropriate for, termnating a full flash exposure, and operating in 20 the
second st at esdgaal,henbenbientuldghtoll evel aEnsdmg Idigiuiitefdr sensi ng
circuit indjcates that the anbient Iight |evel is above the predeterm ned
| evel andSprudasuning thesavervagenlighg sefilectedcfromca scegeat ed signal
ovrresponds to a _predeternined 25 fraction of that appropriate for
ﬁhrninating-&“@uﬁprfPE?NiéiﬁssGrb?nafy output in dependence upon

"- ' whether the ambient light level is below or above a

predetermined level, the control circuit iﬁcluding
photoresponsive means and a two state integrating
10 circuit for ihﬁegrating a signal indicative of the
_ampliéude of'light incident on the photoresponsive
means having been reflected from the sceﬁe during a
flash exposure, the integrating circuit operating in;
its first state when the binary output of the ambient
15 light level sensing éircuiﬁ ihdicates'that the
 ambient light level is below the predetermined level
and producihg a flash tetminatiﬁg sign#i ﬁhen the
" integrated siénal'tortéspohds to that appropriate for

terminating a full flash exﬁbsure. and operating in |

0‘-'.' 20 the second state when the binary output of the

’ ' ambient light level sensing circuit indicates that
| the ambienﬁ light level is above the predetermined
-level and producing a flash'terminating signal when
the integrated signal corresponds to a predetermined
25 fraction of that appropriate for terminating a full

flash exposure.

&



2.
e
i
t

El ectronic fIash apparatus according to claim1, wherein the -
d r curt—nctudes—eans—for connecting or dlsconnectlng -one, of two
ng ca nt egrating CIrCUIt in response-to IeveI of
ary*s: AR IO
4 roai'ce Tisasiy apparatus according to claim1 or 2,

wher ei n-t he Ilght-level .sensing C|rCU|t-an§ the integrating circuit are
controll ed by the sane photo- responsive elenent. 10 4. El ectronic+
flash apparatus according to any of .clainms 1 to-3, wherein the electronic: &‘j
flash apparatys is incorporated into a camera having an el ectronic shutter .

5. El ec€ronic flégﬁe% Gﬁb?u§1§%Bs$BE¥T%$m§ aecordingbte #kainm 1,

descri bed, mnt refe ce to,a str 15 edin_Figs. 1 or, 2 of
t he acconpany¥ “fﬁﬁscu%tro °1r%¥% éﬁﬂd?$dgﬁ&55p§9§tg§nnectlng

'?i?ﬁé??é&?"y %fségﬁﬁggﬁ%? S8 #bﬁ‘qacmﬁgﬁ SHIRE FeRPrLES R TER Bt o
t
or [ gihal typoearreratiq B EE Feliotbe £30RPE o ﬁg%ﬁ%ﬂf.cuu

to read. ﬁheoﬁﬁpﬂtnal typescri pt containing these anendnents may be 4
. inspected on the promses of the Patent Ofice ’;
3. Electronic flash apparatus according to clalm 1 ";

or 2, wherein -the l;ght-level_sens;ng-clrcult and the
integrating circuit are_cbnfrelled by the same photo-
responsive element. | _ ] _ _
10 4. _ Electronlc flash apparatus accordlng to- any
of clalms 1 to -3» wherein the electronlc flash apparatus
is 1ncorporated into a camera hav1ng an electronic shutter.
5. - Electronlc flash apparatus substantlally.as
herelnbefore descrlbed, with reference to and as illustrat-
15 ed in Figs. 1 or 2 of the accompanylng draw1ngs. _
6. Electronlc flash apparatus substant1ally as
herelnbefore described, w1th reference to and as 111ustrat-
in Fig. 3, 4, 5 or 6 of the accompany;ng_draw;ngs.
The taxt of the specificatian has been reprodiced by photocopying the applicants original

~ typescript. It may contain s few amendments which are difficult to read, The original
typescript containing these amendments may be inspected on the premises of the Patemt Officc

g



