2138154 'ENERGY EFFI Cl ENT CHARG NG APPARATUS FOR AN ELECTRONI C FLASH Thi s,
i nvention relates to flash phot ography. The term "energy efficiency" as .
used hereim 5 with respect to electronic flash charging apparatus neans
the rati g of \total energy drawn froma power source for the char£33381(‘l§ze
flash ap s for an exposure to energy delivered as useful
flash tu 3;f produce the desired flash exppsure. 10
Pat ent s . 4,361,387, 4,361,389, and U . S. Patent No. 4,348, 087 dlsclose
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chargi ng. Althou such apparatus can
charged flash wi ﬁo&tf&ﬂﬁPeGPHSI§°d8F89Pﬁ§ &Heeﬂﬁééﬁﬁé anFDIP§P€ﬁﬁF3ed

flafﬂ unit ie n?t rﬁQUIred .30 P$mahcssnbbelnbesmgaaphla ,360j 889, '5"??Cahed
exposur s el ect Pr Bl PARERY, fos 41398, 8827 nR€18Re AEnaLAREs KRR C i cii
fl ash overexposusutematdceddly gbarging an elegtsonpat EhashNusitRbo &8, 025
and 3,857,064  gy1ly charged condition. The flash unit is charged
until a predetermined, relatively high, DC voltage is
15 reached, in response to both (1) readying an '
associated camera in anticipation of implementating
an exposure, for example by opening a lens cover, and
(2) actuating a shutter button to actually initiate
an exposure cycle. Charging apparatus of this type
20 is intended to minimize energy drawn from a battery
without requiring the entire charging to occur as a
preliminary step in the exposure cycle. The charging
in response to actuating the shutter'button rteplaces
any charge which may have leaked from the flash unit
25 during the time the charging apparatus was off, after
termination of the initial charging. Although such
~charging apparatus can operate to provide a fully
charged flash without -appreciably delaying an )
exposure, a fully charged flash unit is not required
30 unless the photographic subject is located at the
‘maximum flash distance. Thus, for close-up and
. normal-range flash exposures, electrical energy is
unnecessarily consumed, and unacceptable flash
overexposure may OcCcur.
s U.S. Patents Nos. Re. 28,025 and 3,857,064




-2- discl-ose so-called energy-saving flash units. These flash units,. as
with the -prior art flash units described above, are intended to be fully
charged i ndependent |y of. subject distance. However, for a 5 subj ect
| ess than the maxi mum fl ash di stance, energy-saving units use only en
energy to provide a predeterm ned anmount of flash exposure |ight. Any
stoked energy that is not needed to produce the predeterm ned exposur :
retained on g flash-firing 10 . capacitor,=-2md can be used for a subsequent
flash. Thus, an energy-saving flash unit can have higher efficiency than
the first- describ@tbcﬁbse;sd*nmaksd endﬁgyﬁsamﬁﬁg dlashi aniyse | These

addi tional |y comgfge ;*)I on o P %t lf’iiﬁﬂgﬁr@'ﬂérem froma
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during the lntervmumddéfecnetd!emuyéawﬁ%tdfkc% Piowever\o#or2e901, 671

and 3, 296, 9 scl ose N cusabl.e ca ving electronic
fl ash appar at us vﬁﬂtljne a]{m %r'&%&%%ﬁ gsugéttﬁﬂﬁg'of t he
camera. Thus, fl aa;ietfgwsayurg turgets usel jardiye dniough enetgyl tdsprovide
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const ant maxi num ash apparat us “di sc Pat ent -

"No. 2,901,671 suf?fé?"seq reffRa® Qﬂ%tacﬂ\ﬁarﬂ%gé‘qqm ito PrOdNE®t thRash exposure
is to be made of predéfermiimid Wipgburie 45 totained %haacelﬁeanrnbtngarrera

;B?gng'?l calt Y ove@c‘ﬁ%@'gospy'é@fﬁo%&ﬁ’r af O%ﬁf@? yf 2 bgter&g&f'éniqﬂﬁgﬂ 296, 947
dells with this [Fi8emmenensyaaving (ﬁls@ﬂlamgurtgcah hiawef hagheappar at us
while the camera g¥fyiciendyfitiar the %:ts*tﬂd&@&tn%&o%&%s.t hRBweGepar 9i ng
a flash unit of this type is additionally complex and
mote costly. Furthermore, leakage current from a
15 capacitor varies in proportion to capacitor voltage.
If a fully charged flash unit is fired infrequently,
substantial charge is wasted during the intervening
time between pictures.
‘ U.S. Patents Nos. 2,901,671 and 3,296,947
20 disclose manually focusable cameras having electronic
flash apparatus which is charged according to the
focus ‘setting of the camera. Thus, flash-firing
voltage is adjusted to provide flash illumination
N : according to subject distance, rather than to meet a
25 constant maximum light output.
' The flash apparatus disclosed in U.S. Patent
No. 2,901,671 suffers from the disadvantage that if
~the next flash exposure is to be made of a subject
situated at a shorter distance from the camera than
30 that indicated by the prio:.fochs setting, the flash
- unit automatically overcharges.
The flash apparatus of U.S. Patent No.
3,296,947 deals with this problem by causing the
. discharging of the flash apparatus while the camera
35 {is refocused for the next exposure, then recharging




-3- it to the appropriate voltage corresponding to the new subject
di stance. However, this charging arrangenent has relatively |ow energy

efficie because the energy drawn fromthe flash power source’'5 prior to «
the re ing of the canera is wasted. Thus, 'whenever the canera i-§ caused
to be|r used, the cunmul ati ve anount of3energy drawn fromthe power
sourcei ¢ di sproportionate to the anount of energy actually delivered to

the flash tube. 10 : In accordance with the present invention there
is provided phoitgtapthe eppropriste meoltidge corresponding rtangidfe nder for
T b ot or orfc, VEB) oSk AL LERES SRR L WAL Saigiiee cf ¢, 310 o
di schar ge t hr ou@frangementshas jpelatieg iy nkpw enanay efifdcignayyi ng t he
capacitor, and pécausé tReNGnefHy@eddy £rod 'ehd AN PhierdWbuea charging
circuitry and responsive to_th§~afo:enen i qned_signal, for causing the
charging 20 Gi rREFPFyEQothe ¥ ?‘ﬁ‘és{’mtr%én ®fc g A3 Nasked-o a4 vol t age
det erm ned by tThusl svbemeyer othé feanera pis dtused iyl He awfoousesyre of a
subj ect |ocatedrgé é&difuliafivéCanoliee 08 erid¥d®idawti frth finaShoueparatus is
25 i ndependent of subject distance of a prior photographic operation, the
fl ash appar at usS¥ESe ng? @)&P’E‘Pﬁ?ﬁ%’?%t@aﬁ’ o@'&u‘%q{qutqfe enet@¥nent i oned
U.S. Patent No.a@t84llg7del fvetédrtwrthe tflkashinibag. ve amount of electrica
Cpor S o) 105, 7 &I Ofh facolhdice RYRK Sl MEAARAR | 110
Patent No. 3, 20therne. ignRrevided nehotegraphig rappanatus dnclading ancanera
whi ch incl udes §lioRdel®UF AREe £1RdPET it Prdducne drb e édtdialrr ecedi ng (/
paragraph.  In gfégafaggfresponains to the distance of a subject to
be photographed, ‘a flash tube, a firing capacitor
15 arranged to discharge through said flash tube,
.charsins'circuitry for charging the capacitor, and
circuit means, connected to the rangefinder and the
charging circuitry and responsive to the '
aforementioned signal, for causing the charging.
20 circuitry to limit the charging of the capacitor to a
voltage determined by the distance, to effect a
predetermined flash exposure of a subject located at
the distance. ' -
Because charging of the flash apparatus is
25 independent of subject distance of a prior g
photographic operation, the flash apparatus does not
overcharge, as can occur with the aforementioned U.S.
Patent No. 2,901,671. ' Furthermore, the cumulative
amount of electrical energy that is drawn from a
30 flash power source for each flash—firing operation is
minimized, which is not the case with the '
.aforementioned U.S. Patent No. 3,296,947.
One embodiment of the present invention is a
camera which includes the photographic apparatus
35 described in the preceding paragraph. In this case,
" the rangefinder i3 responsive to activation of the
camera for a imminent exposure for producing the



€ .
the rangefinder is responsive to activation of the canera for a inm nent
exposure for producing the -4-*signal. In such a canera the circuit
neans may cause the charging circuitry to charge-the capacitor to a

predeterm ned voltage which is-the mninumvoltage 5 necessary to £Tjg the
flash tube, as part of readying of the came¥rto inplenment a phohi C
exposure cycle The canera may include a rel ease nenber nounted g
pre-exposure nmovenent froma first to a 10 second position at which the

~ phot ographi c expoggﬁé &ycle is initiated, the rangefinder being responsive

to the pre-exposure novenegh sfichha cahenaetnenbtrcuftcmnuu51mayeummmﬂance
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preferred embodi n6X¥E16f the |nvent|on presented bel ow, reference is nmade to

the acconpanyi ng draw ngs, thia zﬁmﬂehcﬁayFiﬂclédésaar &96 Qemtferyi €W of a
canera having an el ectraonic flash unit sC enatlc partly in

bl ock form of th@°§§ﬁﬁﬁafaﬁd1’?9—§ﬁpﬁﬁﬂ'eoﬂ°¢?‘§3n§ feom afirst t° 2 Fig.3
i's a graph il 10t gacond poBLoibaAnael wkothathe ophatdgraphic réxmpaanaci t or

with respect to chglgends' AT e2d0eR OLRE" PRALEE EhaLF Eing responsive
\~, to the pre—exposure movement of the release member.
A camera in accordance with the invention
may include light—responsive means for producing a
15 signal indicative of the intensity of ambient light,
wherein the circuit means is connected also to the
light-responsive means. The circuit means further
causes the charging circuitry to limit charging of
the firing capacitor to a voltage that is
20 functionally related to both ambient light intensity
and subject distance.
| In the detailed description of a preferred
embodiment of the invention presented below,
: reference is made to the accompanying drawings. in
L 25 which: | g o |
Fig. 1 is a perspective view of a camera
having an electronic flash unit;
_ Fig. 2 is a schematic, partly in block form,
of the camera and flash unit of Fig. 1; and
30 Fig.3 is a graph illustrating variation of
v°1tase of a ﬁlash—firing capacitor with respect to
charging time and photographic distance.

35



35 Because photographic caneras and el ectronic flash apparatus are wel |l
known, the present description will be directed in particular to el enents
form ng part of. or cooperating directly 5 wi th, apparatus in accordance *
with the ent invention. It is to be understood that canmera and fl ash

apparatu ents not specifically shown or described may take various .
fornms wel bown to those having skill in the art. 10 Referrlngr
to Fig. 1N\.& camera 10 has a lens 12 not®ted along a picture-taking axis -
intersecting the canmera's exposure plane. An electronic flash unit 14 is
formed either as an irnng;ansquahpuﬂsnanh&:amumuraa,aad elleactroode

alternatively,g tg*gh dark anbi ent |ight
condi tions, ther?;‘ r ﬂ&a‘:{rﬁ‘ {;‘Ilgsﬁﬁ it 14 V\x)bﬁl.gk&gr mal |y be arranged
to cause a so-4efq a’tﬂﬁ S‘}?n é'“f PATLICBIAT L0 of a subj ect
\i\,gu cthay be, a‘mmmﬁ,miamwmm@ DI choperating am:hbgl?? Zog?rzréelra

or a 0 :
subj ect ref I ect | VI ty W'ﬁs%‘;ﬁg@e&rﬁa&a\#ﬁﬂﬁg‘. ig §§§ aperture, and a
ful ly charged inventian.: K Iferls tnhpesnderstiopd thathcamesshandit 14 25
i ncl udes a DCftnde PPt ehi‘emwtsamnwudﬂ%lutw @fdwnCorcui t 16. The

converter power.e ;i/,a | oW v, Itage tla 17 erat es to
charge a flas q‘ﬁ }'&fdczﬂﬂm anious forms’ we ﬁﬁ“&ﬁm -
flashlng a flaavﬂndxsxmllimh the att. The flash unit 14 |ncludes a pair
of resi S 21 and 22 ﬁq;os%r &al Ily el trpad |°npgghi Ilghsvmth the

capacitor 18. These reS|stors rve to@forma vo common
junction 24 tHa& mqyn;qﬁegignawqrn&;qungﬂﬁahinﬂ=qm&@ aOWBsgsctins

the camera‘'s exposure plane. An electronic flash
unit 14 is formed either as an integral part of the
~ camera 10, as shown, or, alternatively, may be
15 attachable to the camera.
In dark ambient light conditions, the camera 10
and the flash unit 14 would normally be arranged to cause a
so-called "optimum" photographic flash exposure of a subject
which may be, for example, approximately 2.7 meters from the
20 camera 10. For example, this may assume a film
having an ISO speed of 200/24°, subject reflectivity
of about 20 percent, an £/2.8 exposure aperture, and
a fully charged flash unit. ' _
Referring now to Fig. 2, the flash unit 14 a
25 includes a DC- to Qg converter 15 and a conventional
trigger circuit 16. The converter 15, which is
powered by a low-voltage battery 17, operates to
charge-a flash-firing capacitor 18 to a relatively
. high voltage for flashing & flash tube 20.
30 - The flash unit 14 includes a pair of
resistors 21 and 22, which are serially connected in
parallel with the capacitor 18. These resistors
serve to form a voltage at their common junction 24
_ that is a predetermined fraction of the voltage
35 across the capacitor 18.
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35 acress the capacitor 18. Al so connected in parallel with the
capacitor 18 is a zener diode 26 and a serially connected resistor 28--4A
zener diode, as is well .known in the art, is a voltage-sensitive devjCgy
that 5 *has hi gh conductivity when a predetern1ned voltage is app
I t s~cat hode. The zener diode 26 is selected so that it conducts wheR
capaeitor 18 is charged to a predeterm ned voltage that is the m ni num
necessary to cause the flash tube 20 to flagh. 10 The canera 10
iincludes a shutter 30 for regulating an exposure interval. Preferably, the

"shutter. 30 regul ates an egﬁ.@%urc%dﬁltcﬁre‘ﬁalinayﬁ@tlb‘iab?l‘h' ghgccordance W th

anbient light intensit utters of course wel |
known i n the phot isae ﬁ&ﬁ‘ﬁédéﬁﬁeo?5aaﬂdrPeF?fbﬂlﬁtlI known

mechanit S”B]; For ?ﬁﬂ&aef-r&si!%o?ntzal\bhﬁz&ﬁ%r%igdbschﬁsﬁﬁ GGITEF? |
apparatus for au a [ shutter spee er range val ues
as a function of %&cﬁ I%ﬁ ?{ft 'O&QQQO"%;%&"UQE,!"&%&ﬁt S%ilcg S@it 387
di scl oses cdera mmmmsmamm wheinl @ peiedetenginedt veltageetisat
ei ther of two preggier fﬁaiffﬂleiiﬁﬁaﬁﬁ“d&ﬂ& 'Yenervazble" a”¥he”t i ght

intensity is above or qA(ovvaglven evel

shutter 30 can cAfleft Fhatdty QHHQHHQ§n“BF"aﬁBPeEFPFFQHPr FPgH? | evel
measuring circui teharad vth: ah predetkrmined vodtiagee thét @pethées to provide

o Che"S0 " phod RN eBled 01" duley S edpaRTLER 2 831 eLgBR10, 0O
i nverting arP non- |nvertnﬁ?QIqamﬁﬂﬁﬂhﬂ|¥ﬂQ§u§BSa# épuﬁﬁeroﬁﬁlfanpllfler
(nQt, shown) . A f esfiarde 1S i Uxpodur® Nefteth@l)) Pee¢apEBEySdLhEt ween the
output of the Operaléég¥“3&“¥M£Jfé%es'E% exposure interval
' automatically in accordance with ambient 1light
intensity. Shutters of this type are, of course,
15 well known in the photographic art and may be any of
a variety of well known mechanisms. For example,
U.S. Patent No. 3,748,974 discloses camera apparatus
for automatically adjuéting.shutter speed over a
range of values as a function of scene illumination,
20 and U.S. Patent No. 4,361,387 discloses camera
apparatus for automatically adjusting shutter speed
at either of two predetermined values depending upon
- whether ambient light intensity is above or below a
\~/ : given level. ' |
25 | ' So that the shutter 30 can control exposure
as a function of ambient light, light-level measuring
circuitry 32, which includes a'photodiode 34,
operates to provide an output voitage proportional to
the intensity of ambient light impinging on the
30 photodiode. Preferably, the photodiode 34 is
connected between inverting and non-inverting input
terminals of ah operational amplifier (not shown). A
feedback resistor (also not shown) is connected
between the output of the operational amplifier and
35 the inverting terminal of the operational amplifier




- 2
35 the inverting termnal of the operational anplifier - 7 - sothat a
vol t age correspondi ng to photodi ode current, and thereby corresponding to -
the inatensity of |ight inpinging on the photodi ode 34, is produced at the *

out f the anplifier. Light-nmeasuringb cirtcuitry of this type is well
kno t he photographic art and is disclosed in U S. Patent No. .
4,1 0, anongst others. A film advance nechani sm 36 advances film -’

et ori ny 3 Whad d vovtagiedortespoRaial o9 ghotbataghioes B
filn}netering Sheeen 2’ngﬁgpﬁegyo§gHtB§PPﬁa1B§m£°3§“ﬁh§ﬂt??s*SYpgsitioned
bet ween film naifcidghitodapddgiag ani thel photodiodee3porisoproducde film.
Potch. 1o AE shaoERuR of® thB"RaBERbE? DolkntPacReRbehe 10, 01
the switch & SASEUALEYa0f khig &yeet ABcwelinknowni natheo a conventi onal
ner ei nbel ove ALt e L L e S onat e N ential)
actuating the gﬂﬁ%@épé§0 3§§h§%%e§§8§§%e, andgalso t he filn1advange y
mechani sm 36, for advandi f41mi edvancer meghsnism. 36hadeamcesr£8m 25 the
for eftect ing Soronaetcdlly Bf bl 1ECLE) edBonedy rhe dpdndil BN (T h o
u.s. Patenﬁ%NoinE?§5f3387?1iﬂ'éEEBFaH§cBaV}t%gtggerﬁébﬁég#$ﬂEwﬁ4€h, 30 the
camera 10 aRd foe ekpobueit A4anmamm; apeﬁqunm+mqte?mm§f%zﬁgﬁ;{géraphed
SR 1 S U L

along an edge portion of'the'film;strip,'and the.
15 switch s2 is open when thé pawl 18 located within a

film notch, ;.e.. the pawl is registering film for

exposure.. The condition of :he_switch sz provides

a binary electrical input signal to a conventional

microprocessor 40, the operation of which is
20 described in detail hereinbelow.

A motor 42 constitutes both energizable

means for sequentially actuating the shutter 30 for

an exposure, and also the film advance mechanism 36,

for advancing film after exposure. The shutter 30,
25 the film advance mechanism 36, and the motor 42 form J

a highly automated system for effecting a

photographic cycle. Such a system is fully described

in U.S. Patent No. 4,361,387. |

In accordance with the present invention,

30 the camera 10 and the flash unit 14 include an

automatic rangefinder'fot megsuring'the distance

between the camera and a subject to be phetographed,

and means for regulating the'opetation of the

converter 15 to limit the:chargins of the capacitor

35 18 to a voltage corresponding to flash illumination
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converter 15 to limt the charging of the capacitor 35 18 to a voltage

catrespondi-ng to flash illum nation that is necessary to effect a
predet erm ned flash exposure of a subject situated at the distance negsiied
by the rangefinder. Wile the present invention is described as enbpdikd!/i n
a fixed-focus 5 canmera, it should be understood that the ranging

prqv}ded by the rangefinder could also be used for causing the adjusting of
the lens for establishing a sharp focus of.gsubject inmage on the exposure
pl ane of the camera. 10 Still referring to Fig 2, an automatic

rangef i nder 44 fTFﬁit”fé fi §§‘a{' fb’bé?ﬂc tcél[?& ibj ect’ﬁf‘%’ﬁe

el ectrical signa correspon I N
phot ogr aphed. | neXPesyresefita %n%iﬁ%tﬁﬁrﬂﬁfﬁhﬂjéiqfémthe type 15

whibch |tor3w fles aneastiped tirpl fneerdﬁuchgmi%ﬁugmu ane g ﬂdﬁif t Yfrel ated to
subj ect di stance I SES O o/ p of a ranging
device of this t§7Bge§trﬁ§Ra$€r%+\r€ﬁYﬁ8ﬁzd‘%% $€%£ ’S'br %’“ﬁﬁirg (’J"b‘érat es to
regul ate thg conoeneea.1sttahcnhdtbermndgesgpoq;tﬁanrnhexnnnsﬂna- 18 to a

vol t age COffeSDOﬁédeéé by aghe | LanE PERAEF é&@ﬁd'ﬂw%‘éiﬁ% tgyeef fect a
predeterm ned flash osure é&? Fﬁ%gjegt sityuated at a distance neasured

by _t he rangefind%?“ign fhe a oFo QKP§ pRdahing i@ ¢ hat
manner, data corsbappnﬂoogstofasmbjaeictl 1@&30 | orh ettee texposuTE Pplianes Wi ect
distance, and thF ggcondition of the flash unit 14 are converted to
- digital format or rocessrn t he 30 m croprocessor. An anal og

mul ti pl exer196 provi des nﬁttlgl‘éﬁéﬂfbiﬂtI&utDvﬂSag%s an autamaliisy to digital

(A(D converter #8ngdbehBerOhsfi€asatEs CtafiéthPd-subject distance
and produces an electriéal signal corresponding to
the distance to a subjeet to be photographed. In the
present embodiment the rangefinder is of the type

15 which proﬁides an output voltage which is
Substantially linearly related to subject distance.
U.S. Patent No. 4,299,464 discloses one form of a
ranging device of this type.

The aforementioned microprocessor 40

20 opetates to regulate the converter 15 to limit the
chargihs of the capacitor 18 to a voltage
corresponding td,flash illumination that is necessary
to effect a predetermined flash exposure of a subject

o/ -situated'at a distance measured by the rangefinder

25 44. For the mictoprdcesspt 40 to operate in that
manner, data corresponding to ambient light
intensity, camera-to-subject distance, and the
charged condition of the flash unit 14 are converted
to digital format, for processing by the

30 microprocessor. o

) An analog multiplexer 46 provides
multiplexed output voltages to an analog to digital

- (A/D) converter 48. Theqe voltages are electrical
analogs of ambient light_intensity, camera-to-subject

35 distance, and the voltage across the flash-firing



anal ogs of anbient light intensity, canera-to-subject 35 di stance, and
the voltage across the flash-firing -9- capacitor 18. The A/D converter
&y ts these voltages to digital data, then transfers this data to an *

ya unit 50 for tenporary storage in internal 5 regi sters (not
K?f The data stored in the interface unit 50 are sent across a data.
_ to storage locations (not shown) in the mcroprocessor 40. A proghim
storage unit 54 contains program 10 i nstructions for causing the
m croprocessor 40 to control the orderlysTransnlttal of output vol tages
fromthe nultlplexer 46 to the AID converter 48, the sequencing of digital
dat a correspoS@PR§tOT A8ase vol tages from the converter 48 through the

interface 15 unit 50¢hﬁnﬁlbh%thGEQEE‘ﬂG eanaatthneheseaoé1kaaé§

operations on a,stored m _Cr.opr o Sor, h not
pgrticularly 5%5&“ q‘t 3 ﬁP&FapF§88§36P"26°EHCEEZ dﬁtﬂe%B 8%and- contro
unit for decodmngtfmcgramdmn§orfotlmemppeeeyvedotaae1lheiﬁﬁgrnplogranm
st orage gnlt %@gi@tﬁk@cknﬁ SHBQ%dethEIHggg P@B;ga 18Nt i thnetic and

| ogi ¢’ uni't for perf ormn%fi ata arithmetic 0gl.C_operations, a register
for receiving iNtSTEags Andt,90; AFe SLBLr ACEORH 8 Qét?hbﬁﬁgﬁzaﬁ°|nput

buffer, addrestoragecinocariods (notpghpwhy RhoghemitPopccedsutth the
address fromyhich to fetch instructions, accumulators for handling
frequently mani pul ated data, etc. The description of the nultiplexer 46,
the AID converter 48, #h@rogrem storagetupdt Shecpnigiam poogramor age 54,

and in pqmtlcqh@&rhEQiﬁhsr@B&oeaa§th4thsmthbbﬁdc&QsaPa&oWEbCh s y
necessary 10 1 the” $rad 15 ek aimi T el of bubbub’ v51ESges " -
i nventi on.
from the multiplexer 46 to_the A/D converter 48, the
sequencing of digital data'cOtresponding to these
voltages from the converter 48 through the interface
15 unit 50, and the performing of arithmetic and logic
operations on the data stored in the_micfoprocessor.
Although not particularly shown, the
microprocessor 40 includes a decode-and-control unit
for decoding program instructions received from the
20 program storage unit 54; & clock for providing timing
pulses, an arithmetic and logic unit for performing
data arithmetic and logic operations, a register for
receiving input data from the interface uni; 50 \;)_
through an input buffer, address buffers for _ '
25 supplying program storage 54 with the address from
which to fetch instructions, accumulators for
handling frequently manipulated data, etc.
The description of the multiplexer 46, the
A/D converter 48, the interface unit 50, the program
30 storage 54, and in particular the microbtoceséor 40
is limited to that which is necessary to enable any
. person skilled in the art to practice the invention.
Further descriptive material relating to
microprocessors and interface apparétus is widely

35 available such as, for example, Microprocessors and




Further‘descriptive material relating to mcroprocessors and interface
apparatus is widely 35 avai |l abl e such as, for exanple, M croprocessors

and . -10- M- croconputers, -by B. Daoucek, (WIley, 1976) and M nico RS
for Engrneers and Scientists, G-avino Korn (1973), the disclosures izzwgreh
are dincorporated herein by reference The flash unit :

i nitj;ally charges automatically to a voltl¥bthat i's the mni num nec ary
to fire the flash tube 20, so that the entite chargrng that is necessary to -

cause a given fl e doe cur .aft ] i stance 10 IS
rreasuredg Thi s ?ﬁ '{)ooui?{‘hﬁ'eg’ﬁfgs"&cﬁr 3’?%%56@‘[’&8’@ ?ghégreﬁﬁyr ng of the
~canmera 10 in antrﬁiqkﬁomputﬁrslipurﬁnsinaunsngndfSaiphmuegsapurevcuele

Prior to the firstoXROY®), itHe adi.ed to inplenment a
phot ogr aphi ¢ cycl eo when a ?' ?nal qu/ir?rrc{)%nte cgvfeﬁéﬁﬁ gks. is noved to

uncover the canerilCORFRPTA Ry F&ferences so Frg 1) i s closed.
After the fi¥st and subsemmtﬂ@m?dﬁﬂs 14t HQ!.Q:QE!'I? éHargegeadied to

i mpl ement a 20 §q§§é¥gﬁ$h cI n_th ce nechani sm 36 has
ageanced filmfor e nex iboéhre wﬁ&‘@ﬁb h&ttgétrg mﬁné BYBnhverter 15 is
automatically eﬁuﬂﬂQ§§QﬂF1|ﬁ9rﬁ#ﬂ@oﬁﬁ&céﬁs&h ¢ﬁband0changeh?tEEheapacrtor 18
to the aforenentigyEg 4§§§

e n the fgfﬁgﬁgesngglto éaPPﬁ g%e Barmera 10.

U "SI Fp FXpashi °86vé‘r"-ﬁtné’°ﬁ8§| atsar PPBJEﬁFeé%ésanne post

When t he cover
62, and whellQ he mmameds MTtde dmiziadmehargifgyeecidspedi tion, the

post 62 is 30 Q@gﬁgﬁg@ o' thetl F@quf %h%hgogﬁmgéa 26 Rne novi ng of the

60 to uncover t he canera 1
CO““L anticipation of the 1mp1ementing of a photographic

cycle.
Prior to the first exposure, the camera 10
15 is readied to implement a photographic cycle when a
Pivotally mounted cover 60 (Fig. 1) is mbved to
uncover the camera, and a film-loading door 61 (also
Fig. 1) is closed. After the first and subsequent
exposures, the camera 10 is readied to implement a
20 photographic cycle when the film advance mechanism 36
has advanced film for the next exposure. In each
situation, the converter 15 is automatically enabled
. by the microprpdessor 40 and charges the capacitor 18
\,/- to the aforementioned minimum voltage. :
25 A post 62 is resiliently biased outwardly in
| the forwardly facing wall of the camera 10. When the
~cover 60 is in a camera-covering position, it
depresses the post 62, aﬁd when the cover 60 is moved
~ to a cémeta-uncovering position, the post 62 is
30 released. The closing of the door 61, or the moving
of the cover 60 to uncover the camera 10, (both
{illustrated in'Fig;'Z by dashed lines), whichever
occurs las;, causes a pivoted lever 64 to move in the
, counterclockwise direction under the influence of a _
35 spring 66. This movement causes a normally open



il luskrated in Fig. 2 by dashed |ines), whichever occurs |ast, causes a

{ )\ever 64 to nove in the counterclockw se direction under the

;4 of a 35 spring 66. This novenent causes a normally open

_ 2 ch S to close. Wen the switch S1 i's 1 closed, battery voltage
is appfed to various camera circuitry imgjuding the converter 15, the

| ight-level neasuring circuitry 32, and the m croprocessor 40. 5 In "
response to the application of voltage, the m croprocessor 40, under

i nstructions prgwieen g toecosg! arWhdnr g smlttcHSls embl es the converter

, Which
15 c Cause@h&%%& olr:'rgésr§ g‘?ﬂﬁ i? éepﬁli?l rement i oneogfb% ni m%rr% \]/-gl ?Lge

the flash unit
t he zener dlodeCQﬁcubhndiacludins thetanventen dduc &hen ldahtcrievelt age at

the junction 27npesypers EerctiPEy 262 Alkihd N'thd Bicx ro’c%sls-gia‘ltovouage s

applied to an |nput n1cro rocSH? , under program

i nstructi ons?suff| FRIPORSe kO pEhg sRR kics the converter
15 to turn off. mfcﬁbpltaeeswtewse uredde r 1 6t fuc g forid |mdmda ayectheut war dl y

in the formardl
e poaﬁéngg uhle 94, &I zriab % Ihd YoV toPQsur e novenent

fromits deactu 010 an ac posi tion 72, both of which
are shown in Fishich ¢augescheesing|ef jthe F1ash 4nithdf < he nenber 68

reaches its actuated poSikhéRNtH@. caphetrest . 18 oRciHE £ Iagunie i1% del ayed

71 i nat | 040t nasCrdehcetecasy FE Y oo el HITHALI 00 0, °°"
subj ect situat edohtagesi shenzeneeadiodel 26 cinductmef iThlsd 44. The canera -
10 I's aimed at @oﬁ&@é?f&ntﬂrgﬁuces a sudden voltage at the junction N
27 between the diode 26 and the resistor 28. That
. voltage 1is applied to an input port of the
15 microprocessor 40, which, under program instructions
supplied by the program storage unit 54, causes the
converter 15 to turn off.
A shutter—release member 68 is resiliently
biased outwardly in the Forwardly facing wall of the
20 camera 10 for'pre-exposure'movement from its
deactuated position 70 to an actuated position 72,
both of which are shown in Fig. 2. An'exposure cycle
is initiated when the member 68 reaches its actuated
position 72. However, an actual exposure is delayed
25 until the £lash unit 12 is charged to a voltage N4
corresponding to flash,illumination that is necessary
to effect a given flash eXposure of a subject
situated at a distance measured by the rangefinder 44.
The camera 10 is aimed at a subject to be
30 photographed, and the shutter—release button 68 is
depressed. When ‘the shutter-release member 68 is
moved from its deactuated position 70, the automatic
rangefinder 44 is immediately enabled. The
rangefinder 44 operates and produces its
35 aforementioned output voltage which is proportional




30 photographed, and the shutter-rel ease button 68 is depressed. \Wen the
shutter-release nmenber 68 is noved fromits deactuated position 70, /l*_
automati c rangefinder 44 is—immedi ately enabled. The rangefinder 4
operates and produces its 35 aforenentioned output voltage which is
proporti onal -12- to canera-to-subject tkétance. Additionally, when the
shutter-rel ease nmenber 68 is noved fromits position 70, the follow ng

sequence of operations takeiegﬁaég i rder to process data
correspondi ng to 8 £3Q8La o eﬁb d43CANGR: - | evel neasuring circuitry
32, the rangefinder 44, andddheiohalgyd vhedi thernsinittés-degdseinit 14, the
o1 OBY 0CeSSO" “OnphilBe204" ARiA! gﬁ@qﬁ%ﬁf?%ﬁsi&i JB 2R produces 10
t hese address sel §odlowingl sequenceudfi ppenatiomns stakenipldde. svlint ches
inputs to the 6/DoﬁaafeEbebrééessThﬁfﬁaééfies£5ﬁafﬁé)66’ éﬁﬁéﬂé 8 converts
i nput anal og data |gto dlgh k ii é 3 éﬁgggetlon of each such A/D
O Sk aons 46 am i osbd eambrei o e B

o the m croproce r a [ e

m cr opr ocessor 4Oflashhgn§epiaprtﬁgem§egy§p@@b5§bftéb;wfgﬂéggtC)execute a

data 20 transfer 8uest on lead 50a to accept data Into m croprocessor

menory (not shomm?p FORFiALe PRABBRGR 1B, 118 DERSraMe BERANGEXe unit 50 on
t he data bus 38. ﬁhmnpwegetachdnnelreﬂdtesg selecdi £1gndligin Aeadit ensi ty,
as neasured by th I ghts| S r 3 ] iStance,
measured by the rgngeflz e?¥§§°H§§ E%h + £&égé§§(éé}§%¥)§¥ggiiﬁlIW ng
capacitor, as nea§BPeB“B§1PHExQBI?ﬁg%°§¥°ntia ly switches inputs to

the A/D converter 48. Thereafter, the A/D converter
.48 converts input analog data into digital data.

15 Upon completion of each such A/D conversion process,
the converter 48 sends a conversion completion signal
to the microprocessor 40 on lead 48a. This
completion signal causes the microprocessor 40 in the
appropriate sequence in its program to execute a8 data

20 transfer request on lead 50a to accept data into
microprocessor memory (not shown) from the A/D
converter through the interface unit 50 on the data
bus 52. | '

. Thus, digital data relating to ambient light

\_ 25 1intensity, as measured by the light-level measuring
circuitry 32, subject distance, as measured by the
rangefinder'44. and the voltage across the
flash—firing capacitor, as measured by the voltage at
the junction 24, are loaded into the microprocessor

30 40. With this data, the microprocessor 40 computes
the voltage which is required on the capacitor 18 to
produce a predetermined exposure, and regulates the -
operation of the converter 15 to limit the charging

_ of the flash unit 14 to that voltage.

35 " . A flash tube produces light which varies as



t he JUﬂCtIOﬂ 24, are loaded into the mcroprocessor 30 40. Wth this data,,
processor 40 conputes the voltage which is required on the ;
18 to produce a predeternm ned exposure, ‘and, regul ates 't he *

cap _
openatydif of the converter 15 to limit the charging of the flash unit 14 to
t hat tage. 35 - A flash tube produces |ight which varies as -

-13- a function of the electrical energ{ supplied to it. Energy stored bywha
firing capacitor varies with the square 3F its voltage. Bedause the
intensity of flash exposure light varies inversely with the square 5 of
subj ect dlstanc€unntipneoal§h&nGéecarécs&bpaeterSBBthedogoabhed doubl es

(which requir l O wiyh f I C citor
vol t age nust E@e%ﬁﬁds%BEba by gokﬁﬁhhg Egﬁhgﬁfo 6?P1ﬁ§bg%%§g?ﬁéThus t he

|
vol t age reqUIPQHaFG i ga n&Pétast QGgPESt 8 ingPnaityc varies in
direct propor ifit@aght ex@uhpeet 1dgatalveciesThn9ersewl withathd squarg. 3. Al so

shown 115719 oF o8 ' TG AR, 34 Bo BESERRET LT o100k 00EP2ER"  1°

capaC|toP 18 10 ous is the
15 aforenenbﬁoD@thsﬁﬁrbsﬂvdpﬂbééstNuhip neeuésaayqnedtupbin&e flash

tﬁgef nghTBﬁl {Ehgl Qﬂrgﬁ(t(r?g%ﬁh ‘i:ﬂemﬂabﬁ I@bﬁﬁbggﬁgéaéﬂtéﬁn%%aﬁéf fha[@ ?|g OL
sol e 0 as

20 illuni na@u§t, Gr%PPtﬁﬁgmﬂéeg &PgﬁﬁﬁggpoqgﬁﬂFPBiefFgghtchargYng to

produce the dewtmu&.exﬂmssnethbawoutaaecushunaedonoolllhmshaaedaanblent

] Ut natigon. s yeat B e e0RRC1cTel Vleg YAl u2rehe bkbpbPeibach

i || uni nation £ ed as a
function of a#@!éﬁDJFFGhﬁiﬁﬁﬁﬁﬁéltyTh@§lﬁg ééﬂ&séﬁﬂﬁéépéﬁdfﬁg t - subj ect \/

di stance and dals® GROWASRANEMRY B30 1aTRhentihegequitedsbyythef
. converter 15 to charge the capacitor 18 to various
flash-firing voltages. The voltage, Vyrye 18 the
15 aforementioned minimum voltage that is necessary to
fire the flash tube 20.
- The microprocessor 40 may be programmed to
control the charging of the flash unit 14 to p;oduce
a desired exposure that is due solely to flash
20 illumination, or it may be programmed to control
flash charging to produce the désired'exposure that
is a combination of flash and ambient illumination.
Iin the latter case, a variable ratio of f£ill-in flash .
- illumination to ambient-illuminatioq may readily be </
25 controlled as a function of ambient light intensity.
Using data corresponding to ;ubject distance
and data corresponding to ambient light intensity, 1if
a fill-in flash exposure is desired, the
microprocessor 40 computes the voltage tq which the
30 capacitor 18 should be charged to produce the désired
exposure. The microprocessor 40 then causesg the
converter 15 to turn on to charge the capacitor 18.
As the flash unit 14 charges, the voltage across the
capacitor 18 increases substantially exponentially.
35 In one embodiment, the voltage at the



a fill--in flash exposure is desired, the mcroprocessor 40 conputes the
vol tage .to-which the 30 - capacitor 18 should be charged to produce t#e€
desired exposure. The m croprocessqr 40 then causes the converter
turn on to charge.the capacitor 18. As the flash unit 14 charges,
vol tage across the capacitor 18 increases substantially exponential 'y=35

| n-one enbodi ment, the voltage at the junction 24, which corresponds to
thé’voltage of the capacitor 18, is detectke and applied to an i nput of the
mul ti pl exer 46. The m croprocessor 40, under programinstructions supplied

by the program sjonegioh 24, whichicorzespondscto tiHegmltiageh®f whet i on 24

to be periodical Expégpsb@dlg gedéég:emv&;& eg%zlﬁd‘é)rm?_%vqr‘.@lhu@n ol§°

digital format for g ocessor
i croprocessor 48MepRPIEE 1?%%1' c%f ge'f)’%rﬁﬁ‘i‘?m‘!ﬁeqw AGsMNGRT 14 as 10
the voltage on tpeogtatciastridtions csusplied sy réte wmw@rto%gwen

Vol tage neciesarMEh 3o babit Phe YPEHadd ek WHF ety 24 B8 g o
t he di st ance neapertadbgal by iﬁpliﬁéng@fthﬁkﬁlﬂhﬁonvenﬂ&niﬁﬂ‘ﬁ&mbodlnent
the "1CrOprOCGSSEBnGQrbfoﬂrQGr@fﬁ?QaiOf&fﬁﬁfC#orf¥%é&¥ﬁ§“ﬂﬁk&” the flash

unit 14 based upon a ch arg time predeterm ned 1 n accardance
with the tlnemns@1?E°Pf9 GEF S FCWP$9F¥apéEﬂ?§N the MARFORROCRSRAT 49 Fig. 3.
Unl i ke the abovemenbodtsevhe emm ceomd Derors G f 4he Flagrotunite ldaias

chargiho. 1 0t cabhe; FETHEES F E8€cefPat Eof Y i endhd 7 I, 05 ' Gala
IQH?ed in a nenomyoroepoegeaotngoco@onu¢Qusqaﬂtngﬁ;qnyq;ﬁanuii<ﬁo of
charging int erVaEurﬁro?PewHéﬁrﬁﬁéoéﬂﬁéé’{té‘P 1651 ' HHFHBA "t e | ONs

voltage necessary to produce'the desired exposure of
a subject situated at the distance measured by the
15 rangefinder 44. _

In another embodiment, the microprocessor 40
is programmed to control the charging of the flash
unit 14 based upon a charging time which is
predetermined.in accordance with the timewise

20 variation in capacitor voltage, as shown in Fig. 3.
Unlike the above embodiment, the ﬁicroprocessor 40
does not use data corresponding to the actual voltage
of the copecitor 18 to control flash charging.

_ \\j : Instead, the microprocessor 40 either hao preselected

25 data loaded in a memory, representing capacitor
voltage as a function of charging interval, or the
microprocessor 40 has program instructions
representins equations which predict voltage of the
capacitor 18 as a function of charging time, or vice

30 versa. In this embodiment, the microprocessor 40, as
before, computes the voltage to which the capacitor
18 should bde charged using data corresponding to
subject distance, énd.'if desired, data corresponding
to ambient light intensity. Then, relying upon the

35 timewise variation in capacitor voltage, shown in




representing equations which predict voltage of the capacitor 18 as a
function of charging tine, or vice 30 versa. In this enbodi nent, the
nicp@u ocessor 40, as before, conputes the voltage to which the capacitor
18 shogkd be charged using data correspondi ng 'to subject distance, and, if
1T ‘data corresponding to anbient [ight intensity. Then, relying upon
. timew se variation in capacitor voltage, shown in Fig. 3, thée
m crepf ocessor 40 conputes the tineirﬂfi%al required to charge the

-capacitor 18-to the desired | evel. The T oprocessor 40, under program

I nstructions and using its jnternal clock, causes the 5 converter 15 to
turn on then off8nhen thE BLATORERCRIERL 1) GoMRNYRS S tA®8,scd. Under
nost picture-tiitegval rcequiced cto charge the cqpanidbn 1A to dheer a

Short 20 "t nASEHEA CLOPEL " ThE aIELORCIRIBE P, ok e P Y, |

readyi ng of thingtruetians:and weing its ARk ALecky Qauses N ar ge

whi ch {rgysggvecbsg%ﬁdagrfm %bet?ﬁ?a@ﬁta%eﬂ&wrém tttrlsb_ Idﬁiwuat? ng time the

charging of ¢ HeheTaLpELinFestal ndg o1amEedt " ho ol vat on of the

sEutter-rg!{ g?se rr;anber mmmqsomy;mmp?smwmmmqm Wdi t age on

07267 S cch iy BRTMRgRE A, Sk deaddre oufdeat waltong st Sooniio

causi ng the coR®rsbutierrgelefse RembeR 58,k & RAL 19R}%x§§ﬂ§$

ggtiVﬁggoﬁgegdﬁiﬁdréﬁﬁg?dﬁivbgr7dfsehé0&&ptﬁm¢ﬁtﬁaﬂ§uteyeffs<ea$e-negberhGE‘/

roror 53 15 enEbERbLACES LRI IR Cond Lt Y 6 20,02

t he camera implement a photographic cycle. Any charge which may

have leaked from the capacitor 18 during the !
1ntérven1ng time the converter 15 was off would be at |

15 the most very slight, Thus, the charging of the

£lash unit 14 in response to the actuation of the
shutter-release member 68 would only be necessary to
raise the voltage on the capacitor 18 from near

VMIN to the final desired voltage corresponding to

20 subject distance.

' In synchronism with the microproceSsot‘40
again causing the converter 15 to turn off, the
microprdcessor 40 causes_activation of a current \;/
driver 74 so long as the shutter-release member 68

25 has moved to its éctuated position 72. With driver
74 activated, the mqtbr 42 1s_enérgized to cause the
shutter 30 to operate to'expose £1ilm in the camera
10. When the shutter 30 is operated, it closes a

. normally open'flésh synchronization switch 83{

30 This triggers the flash tube_zo. which causes the
capaéitor'la to discharge through the tube. Thus,
flash 111uﬁ1nation is produced that'corresponds to
voltage stored on the capacitor 18. N

The éhutte: 30 closes to terminate the
35 exposure. This may occur either bebause'the shutter




10. Waen the shutter 30 is operated, it closes a nornmally open flash
synchrenj zation swtch S3. 30 This triggers the flash tube 20, which
gauses the capacitor 18 to-di scharge through the tube. Thus, flash

i1lum nation is produced that corresponds to voltage stored on the f
capacitor 18. The shutter 30 closes to terminate the 35 exposure. iﬁé%{
may ,occur either because the shutter -16- has a predeterm ned ex

sp€ed, or by means of the.microprocessor-#§€- which, at the appropriate tine
in its program deactivates the current driver 74. After the shutter 30

cl '?se_s tot \i{r méaatbeat beeae:ergx?eaum?ohh_ee @pe?dﬁ%x_erﬁwaﬁeéﬁv cfttl m
metering pa o0 _bhe renpve rophits, fiJmn . i S causes e
filmmetering p RF 93°FBPEP5§§SPHeHPPIHP&E#Er?gggéﬁM?QﬁF?ﬁfELt*Nﬁiﬁﬁlua
switch S2 is cHhoséés grogmam,sdepgpokivdtes theicyrremptrdriven hts. _ _
m cr opr ocessor 10 40. ﬁfhgrnhﬁgoggggggfo§a4€1°sé§ é$f¥é¥§¥#§géeﬂﬁbtlne I n

its program activates the current driver 0 cause advance
mechani sm 26 t 0®XBPAMERf thf REEOThAZcauses bhe fllmmetaring BRawh ances

and becones al i ggegdowbehrehovedneromsic¥ppsURENGOER] UrThid caudde pawl 38

52 P The i cr opr 3085 £33 0T BBE8E e FRME AL EEDETNRY, NE cUIFIREGAE ST T,
S2 and deactivas¥dteheSgur r Whendeheeswitcht Sgr toyclioseds ground t he not or
42. 20 1s abbtiel kd BASiRpaE po¥enefdthermiropesdessdwsure, the

Converter 181 o4By, n1BR, miBTPBERGPAEOF4D; 1 o8F “EhE  huaraer age time  °
aforenenti oned YW HitsTpeogeami,nacthyabést bhe28urrenhtirdrinenf7a o fl ash unit
147after exposupgysg itfle"id' at¥ahle ﬁEEHLHiL&”?sOEofHé&h&é‘afﬂid‘g prior
_ . for the next exposure. As the film advances and
becomes aligned with the camera's exposure aperture,

15 the pawl 38 drops into the next film notch,'thereby
reopening the film-metering switch sz. The
microprocessor 40 senses this change in the condition
of the switch S, and deactivates the current driver
74, thereby deenergizing the motor 42.

20 _ After film has been advanced for the next
exposure, the microprocessor 40, under the control of
its program, causes the DC to DC converter 15 to turn
on, to recharge the flash unit 14 to the

\_ _aforementioned Vy,.. The terminating of the

25 charging of the flash unit 14 after exposure is
identical to the terminating of flash charging prior
to the first exposure, when the cover 60 is moved to
.uncover the camera 10, and film is loaded in the

' camera. Accordingly, further descriptive details of
- 30 this phase of the charging process are not included.
In yet another embodiment, the
microprocessor 40 is programmed so that charging of
the flash unit 14 is prevented whenever the
rangefinder 44 measures a subject distance that is
35 beyond the maximum distance of the flash unit.



to the first exposure, when the covjuull uncover the canera 10,
and filmis |loaded in the canera mlmmnm ﬂﬂer descriptive details
of 30 i s phase of the charging procésstar'® ﬁot *included. In 'yet another *

, the microprocessor 40 is programed so that charging of the
n

enbog

flas 14 is prevented whenever the rangéfinder 44 neasures a subject.-.
di stance that is 35 beyond t he maxi mnum difstance of the flash unit. A
-17- CLAIMS: 1. Phataographic apparatus including an automatic rangefi nder

~ for producing arPLdy ‘rical signal corresponding to the distance of a

subject to be 5 photographe@hotographitubppatatiisi toctadbsgt o &4 EGRQELE € O

Capacitor, and SAnagsinged#ok. BEodbpind, 88, Riechkihr Slendf % 12 Cha i ng
circuitry and r@@p@#@P@@dﬂOStﬁe &her dAstiancecafsagaubjectrtoabei ng the

charging 10 Glr@hbkﬁhrh%hbu”‘h ?hasﬁh%ﬁﬁhngaoﬁiibﬁgcéﬂﬁ ﬁért&r
determ ned by t as osur

stanc g egt g Eég et erm ned
subj ect | ocat ed 3985 gaid flash,tuhe) GhArsirg:otF F?? for
appar at us as 15chiaziging ﬁhecBspnpitamhenadnctneuiangcahadecomne¢eg®ohm|ve

to activation ofcnbh%aﬁamﬁakgr afd! '&'ﬁh”@ﬂhr%ﬂﬂ%i&ﬁi’ér?rm&%% ddive

Si gnal 3. /A canera_as cl alne ult means causes

t he char gi ng C|F8uFPPyaf8fGW&P§é°Pﬂé s82p8)acFOB cauSing tr charaing
vol tage, beiloy eciecuiticyuroydimdge thecenasgingoofi thet bapat ot tedea as

2" A camer a as dedreBd” dstaEainkd by LRETHAsBaROR. OPRrREEE LT T TN O
for pre- exposur@fﬁdﬂ@ﬁﬁﬂﬂ.ﬂﬁﬂoﬂasrl exposure of & subject located at the \/
distance. :

2. A camera 1nc1uding photographic apparatus as

15 claimed in claim 1, wherein the rangefinder is responsive
to activation of the camera for a imminent exposure for
producing the signal. o

3. A camera as claimed in claim 2, wherein the

circuit means causes the charging circuitry to charge the

20 capacitor to a predetermined voltage, being the minimum
voltage necessary to fire the flash tube, as part of
readying of the camera to implement a photographic
exposure cycle.

4. A camera as claimed in claim 3, including a

25 release member mounted for pre—exposure movement from a N
first to a second position at which the .photographic
exposure cycle is initiated, the rangefinder being
responsive to the pre—exposure movement of the release
member. _ |

30 5. A camera as claimed in claim 2, 3 or 4
including light-responsive means for producing a signal
indicative of the intensity of ambient 1ight, and wherein
the circuit means is connected also to the
light-responsive means, the circuit means further causing

35 the charging circuitry to limit charging of the firing
capacitor to a voltage functionally related to both
ambient light intensity and subject distance.



. .-
first 1o a second position at which the photographic exposure cycle is
initiated, the rangefinder beimyg responsive—to—the pre-exposure novenent of

tthe rel ease member. 30 . - ' rg as clained in claim 3or 4
i ncluding’light-responsive ﬁl" HE@II@ a signal indicativy
intensity of anbient light, a L rcuit nmeans i s conpe

toyhe light-responsive neans, the ci rcuit means further causing
charging circuitry to limt charging é the firing capacitor to a voltage
functionally related to both anbient Trght intensity and subject distance.
-18 - Phot ographi c apparatus substantially as hereinbefore described with

reference to gnd as il gabkageephilc! BEpaFatid RAWAH9HIAW NES nereinbefore
- described with reference to and as illustrated “in the accom-
panying drawings.




