el ectronl c flash_apparatus and, nore partl cularly, to electronic fl
appar atus whi ch produces a si gnal i ndicative of 5 t he readi ness

apparatus to preduce a second flash after a first. flash. Many ¢ Ily ‘
avai l abl e el ectronic flash units nonitor the voltage on a rral n igﬁﬁ%%
capacitor and, via a° ‘ready | anp or by enablingla shutter rel ease

mechani smin an associ ated canera, inform a camera operator when there is
sufficient energy for a flash expog : flash units, the
capaci tor voltage sel ected as the. oLV Bt | on of the

readi ness nal is the mni mmldEpreaﬂit dgwemq.onr Edlh&:gtmtdemwl%h

{ube FyBrcaly the slughl ﬁﬂ?éf“fr“e““"'a‘n“é‘rﬁ “"’m‘?  £8LSTécORdtel
f romet hat whi chi woul:d%@eﬂg ﬂogsF&)%‘ {a%‘i‘%fl of

i|lum nation. Uhigs i mlwnrehdlhessehﬁotlml appdﬂgmsl got pcoducenunncmndige
needed for igni i-on, Qixg t Dfe V@ng ({]’n g mtting the taking of fl ash
ersthe r

exposures in rapid succession put- su ‘i sk of under exposur

phot ogf aphi ng a subj ect at greMamy W%ﬁ%’c%ﬂdb§ i@ efecty %fqmgfaqtg

not charged Ito theI maghius wéhitor tie ciditage minoﬁlunf btohageic¢apaditor f
i tor- vol tage |ev elect r region o
*maxi mum possi bl e dzhlvggega éad é;&sligo%né%#ﬁg 1 ‘m“eﬁgf

sefected vol t age 10 nE&leﬂﬁe mﬁ&héﬂgﬂl din ﬁbmiﬂﬁédaﬁﬁﬁﬁ%'agei‘b&%sﬁlrl ng

aélequat e flash illum %&inbeﬁ bpératér oftién Aherd iid %&Eﬂibibﬁﬁceﬁebgl& foif fer

flash S?Stvﬁ}?‘tegg.en‘)IaS deeapieiee, o Ehgonn dlsctronts SEERR dhtig, B
el ectronic flash unltcheucﬁgoa yoltagetgeldcted)ias the threshold value £or
production of the readiness signal is the ninimum
15 voltage required to ignite the flash tube.
Typically, the selected volt@ge will produce flash
illumination that will result in an,underexposﬁre of
about one half to two thirds of a stop from that
| which would be produced by the maximum possible. flash
20 illumination. Units in which the selected voltage is
the minimum voltage needed for ignition, have the
advantage of permitting the taking of flash exposures
in rapid succession but suffer the risk of
underexposure when photographing a subject at greater
25 distances because the capacitor is not charged to the
'~ maximum value. In other electronic
flash units, the capacitor voltage level
selected as the threshold value is in the region of
the naximum possible flash operating voltage.
30 Units in which the selected Vvoltage
is near the maximum voltage have the advantage of
ensuring adequate flash 11lumination for subjects at
all flash_distancgs but suffer :he_disadvantage of
. eliminating the opportunity for the operator to take
35 flash pictures in rapid sequence. -
U.S. Patent No. 4,258,991 discloses an
electronic flash unit having a plurality of light

2134662 ELECTRONI C FLASH APPARTUS The present- i.nvention relates to r{ %)
o]




-2- emtting diodes (L.E. D.s) which successively and stepwi se emt |ight as
t he charglng vol tage across. the flash capacitor increases tQypredeterm ned

| e “ Subj ect distances are marked in association with the L.E.D.s so.."5,
th the Y stance indicated at the ti2we that an L.E.D. is ‘energized is
a X|nately t.he subject distance at which t he operator can take an

ad ately exposed picture. The di sadvantages of.this systemare that (1)
t he operator nust be an accurate judge of distance..and (2) if the 10
photogregﬁﬁt:xnﬂndiﬂdess(LoEaDed)behvmhwﬁudnraﬁiﬂaimcesdnarked by two

Success'ﬁfégwfﬁéjéﬁittH?gﬁ?eéﬂteﬁenyﬁardfﬂé~J&¥E¥d§ %@&bgg gn@i Cture beyond
the mini mum tine necessary provid {hﬁgg” ash 111 um nat i ong~Agcor di ng

to the priésh t°3H%ﬁ§ﬁPFoﬁ“FﬁEFEeFS“QEPI edn 18VedBr oRPRIPERR N e
appar at uri g vaticed mgeamaanaalinrascbéiatﬁbﬂlﬂmlhenahgnzabbesbyothe apaci fap

L0 ProdNGR il ¥kt RN o8 0k SEHL S/ IRaTUSHCR, B2Do 01 U 2b] ot

term I scha capacl t or e, radration by the flash
tube, eafergized r*@aﬁyprgsmebﬂhséc%w qupiant &igsancer atfwhiehal uat |
flash-f mnewgmmmtm eanWeaké ancadéquiane Iy expogedt paxpasdl eThe det er mype

whet her i#g; e%ro eEﬁiQS ggggwwgéér qhgg Qeggéég 8%erm’nation f

t he di scharge ur|n aXpoture to produce i’n. t exposure
fl ash wiust o2 aWo@FGuﬁﬁééudédﬁec@iﬂ@ﬁﬁ%ﬁnqqdnﬂnﬂaﬁ?dn1§ftaescene havi ng

subSi@ntwﬁJdo)g:tmﬁ:aaabquaesmselmmtw&m ithes@igkahbBesscene

phot ogr aph d t | rst pos appar at us

in accor“ga S li”; rP}g't(’hg régggﬁ{'élﬁven |sghu'1"’ﬁ o%r%l‘l%gh kp‘ %ﬁgs- to be N
made. tbQﬁPn@héaﬁdgs Papﬁetﬂa?ebﬁﬂﬂﬂ#tﬁh?\m tHmym §ﬂgﬁlﬂﬁeaﬁ§a¥Y5k of '
unaccept@&ﬂﬁidﬁydarQ*ngurQ;aEhEiﬁﬁﬁﬂﬁﬁHﬂiﬁhI s that. scene conditions, such

it ferant bot weeRoPREY 3525%"2@3néaé“«r”r‘ht”aigbv%até”e@&ﬁ%eb?gﬁtﬁ”;LLS?QE W

t hus1 85 pfidvficted slng#ﬂﬁSGafmﬁ9 flash tappataans dewcdudieg prior art in
capacitor, a flash tube energizable by the capacitor to
produce a flash of radiation; ana series typeIQuench means
actuatable to terminate the discharge of the capacitor
and,; hence, radiation by the flash tube, evaluatlng means,

20 connected to the capacitor. for evaluatxng a f1ash-f1r1ng

operation which occurs durlng a first exposurg to
determine whether the'capacitor retains adéquaté remaining

energy at termination of the discharge during: that
exposure to produce in a subsequent exposure a flash which
25 would produce acceptable iiluminatiqn of a'scene'having
substahtially the same exposure parameters as those of the
scene photographed durlnq the saia flrst ‘exposure.
By such evaluation, apparatus in accordance with
the present invention allows flash exposures to be made at
30 the most rapid rate possible without significant risk of
unacceptable underexposure. The assumption is that scene
conditions, such as range, reflectivity and ambient
luminance, will not be significantly different between two
exposures made in rapid sequence. 'Such'apparatus:;hus
35 differs significantly from the above described prior art in



3- that it allows a shutter operatlon to occur or otherwi se inforns_ the

operator on t\he basis of flash 'energy consum ed-for-the-preceding

/}posure and of the anticipated flash energy requirenment for th
SN 0= ¢

e»peﬁ{e rather 5 than nerely informng the operator that ths

o is at or above sone arbitrary |evel. Vglen a plurality of flash
exposungs are taken in rapid sequence, for exanple |less than one second
apart, %Qt rolling the flash ready nechanism(s) in 10 accordance with

t he teachrngs of thethatedentaliiowenti shuttert tpetwision dio eeusnergythsrwise -

the immediately previ,oMsyid asp w’gbka%imsaria%w@veaﬂsowfdgﬁ%sg@géﬁb&sa?sum-

al though perhaps not optinum ph
‘t.he present inventi T thewprecs éégl pERosyxe \and Gf dhengpdicipated. flash .
reference to the accenmggy iregudrameny Fbrcthe |hewt rexpmune; pathey

schemati c andp rtly box for ri qu ncht e electronic flash unit

i ncorporating a pref Eﬁ?ﬁoﬂﬁqﬁﬁtﬁ#@% ¥g5§ﬁ S'BT Wﬁ‘pﬁl
apparatus of the presbargeniemt cor ﬂm}mwm acbd.unhtyfleméllumm:are wel |
known, the present. dgfﬁi-écoogrbf"'ﬁasti?eq?o%ﬁtrﬁg b ep?%ﬁéﬁuiﬁrrﬁﬁd‘i' ement s

formng part of," res nvention..

It is to be understoﬁ&‘ﬂ‘ﬁﬁ?eel _ gﬁ@é%l ppess G\?P r8RA%Ly | bed
herein may be sel ectedntromntg)suhé(rﬂnh relady mechanbem(s) | atxh unit art.

Ref erring now tqof he @E@%Qﬂe cfhgwﬁ‘ﬁ?él B Fereﬁféé&& quenchotype

el ectronic flash unlt gene ce nupner al
i ncl udes a flash tubénYﬁnF%?nerﬁ‘! ttrhfﬂg b&‘fﬂ‘a?ﬁ stneraa%zmhse% in shee

capaci tor 14 for suppmpedflateby Prévicde ffllmhwtmneaaﬁdse Abays \proviied
oo e TS o G o bRV i B sl o, 100
. ' o photograph.
15 : An embodiment of the present invention will
now be described, by way of example, with reference
_ _ to the accompanying drawing which illustrates, in
i | partly schematic and partly box form, a series quench
_ ' type electronic flash unit incorporating a'pteferred
= I 20 embodiment of the flash exposure control apparatus of
{ . the present invention. :

- Because electronic flash units are well
known, the present descriptionlwill be directed in
particular to elements forming part of, or

25 cooperating directly with, the present invention. It
is to be understood that elements not specifically
~ shown or described herein may be selected from those
known in the electronic flash unit art.
_ Referring now to the drawing, an
30 energy-saving, or series quench typé:electronic flash
- unit, generally indicated by the reference numeral
.10, includes & flash-tubg_lzlfor enitting a flash of
fadiation, a storage capacitor 14 for supplying
: energy to the flash tube and a battery-powered
35 charging circuit 16 for charging the capacitor 1l4.
| When a trigger pulse is applied to a trigger



-4- electrode 12a of the flash tube 12, the gas within the flash tube is
i oni zed whjech decreases the inpedance between ‘the - flash tube e{gctrodes.
With the i dance | owered, the stored charge in the 5 capacitor 14 is .
di schar ge rough the tube 12 causing the tube to emt a flash .of |ight. ;j

a:

The trigge ul se is produced froma, conventional trigger circuit 18 V\,hen-;v
synchronous contact 18a interl ocki ng“Wth a canmera shutter (not shown) is “&. .-

10 cl osed. When the contact 18a closes, a tinmer 20 is activated and
produces a Qi | 4L I or tepyin tLoe Jd s al of, for
exanpl e, ongiggsgﬁés g%g{?\gﬂ{%ef%ﬁ gg'?telgg]’aﬁgg é\rg'b+£%ﬁ%‘y15 sanpl e and
hol d circui thexflagh tube beckanized whighedegupasesstheplied to the trigger
el ?Cirode' 1iﬁpteabﬂcé'$€¢*¥ée@21\:£@[rﬂﬁh enlséhwéeﬁrygééﬁgmtft@;;] wh ch t[‘ﬁ”
exi sts acro e capacitor 14 .The sanpl e and hol d,ci [cui applies the
vol t age [ériiezgm?ﬁggngﬁug?Y?ﬁfQﬂ:Eﬁﬁtgq%fdeﬁﬂaEEﬁa*ﬁ %ﬁfZ) of the voltage
Vt is &pplicdpacitoe besis idischarnged throught thettubecl2cuit 26 which, in
this enbodi gRRkingStReltibe’ o ldrie A HdshSbf EQ?ﬁE?e The energy E stored
on a capa_citoi C rs egual .toééf C\V2,.the 25 s ggal i/_t%éfu lied to the.
subt ract i ontEABBETFPULS® 18)R%s "}"fd;z) o0 & 6AVenrblendt d %Dﬁtored on the
capaci tor le¢ixcuinelBowben a hsynchrpmouspelontact dBplied to the flash tube
12, i.e., a ' i th td PdatiFash | . - When t he
~flash tube } Elggllasﬁﬁgdw’béﬁt%?trl g‘g;esrhhggfge?ﬁgtgg@% _iésct i vates a

| i ght - 3bhsi €ilP8€Guench circuit 30 which detects the intensity of the light -
refl ected by an obj ekhehothe ¢dwtagy ABwdlodes; aheimeen20 £srcuit 30 has

received a 33, ;Phegs! SAd RSN d Righ 16481l s1fhaiPBbloR @ control
predetermined time interval of, for example, one
second. Closing the contact 18a also enables a
15 sample and hold circuit 22. At the moment the
trigger pulse is applied to the trigger electrode
'12a, the circuit 22 samples and stores voltage, V
vhich then exists across the capacitor 14. The
sample and hoiq circuit 22 applies the voltage v,
20 to a squaring circuit 24, The square (Vtz) of
the voltage V. is applied to the positive imput of
a subtraction circuit 26 which, in this embodiment,
is a differential amplifier. Because the energy E
stored on a capacitor C is equal to 1/2 CVZ, the -
25 signal Vt2 supplied to the subtraction circuit
26 is directly proportional to the energy stored on
the capacitor 14 at the moment the trigger pulse is
applied to the flash tube 12, {.e., at the time of
initiation of the flash. -
30 " When the flash tube 12 is ignited by the
trigger'pulée, a gate 28 activates a light-sensitive
- quench circuit 30 which detects the intensity of the
light reflected by an object to be photographed.
When the quench circuit 30 has received a
35 predetermined'quantity of light, it applies a control
~ signal to a high-speed electronic switch 32, such as

t



]

signal to a high-speed el ectronic SV\/itch 32, such as an SCR, located in

series with the ash tube 12 and the capacitor 14. The control signal =
causes; the switch 32 to rapidly switch- from a conductive condition to a .
non- conductive condition which causes 5 the termnation of both the {

di scharge of the capacitor 14 and the |ight radiggion by the flash tube 12.
The control signal applied by the quench circuit to the switch 32 al so
enabl es a sanple and hold circuit 34 which sanples and stores the voltage,
10 [err] then existingmn@Chs Tdmmtahd serids. wiihuehetfhmlﬁtﬂae 1[26m}=1

I S t hawaapaewtor volta t gF na n t -
cwe’“ 34, the voltage q |§J%i3:°ttelw Egl’gl nggé?gi pf‘@@nﬂﬁne voI age Vg2
is then applied to the fetes aﬁsﬁv switeh frowra@onduatiiveyit 26.

For the sane /freason pr eaomsdnom laonedrebheueuwﬁteéﬁMox{ &/hilchs ¢apkiesd

or o hrtfﬂﬁé{af o Che enetts és%iodrléﬁl%r’tshga botfl Ehi 8 Jortge It WY hpgoitsr
![De mnation of the fla y rﬁﬁég’é%{‘rﬁ%ﬁ% Hashiitube 12. [err]
ichis fed to one- |nput of a mmniignuthpplﬁdmquh@rwch onal

to the anount of ener%ﬁ%di"@&@:ﬁ% stitﬁhaéb LYP6 drfa ies 2 waug,ae fid

flash, i.e., the result I S re resen
used in the flash. The rb‘ﬂ‘blﬁ "Sq Lrﬁﬁq’v"b gaep ﬁﬁa"i’éng‘i?%ﬁtheqv tag%
which is directly Wopdti,i dheln uiuhéngrmunbufthaecmdm 1i4ng S'hnled in

the capacitor 14 at thg voﬂﬁ?galvt ti'ietﬁkaéh KBS SH NS ﬁfﬁiﬁp t he
second i nput of -the corgpar or en t ga sﬁgé]gm t.he
subtraction circuit 26 'gﬂﬁﬁ of F8Pe & i eI 380 the
squaring circuit 36, tmhe:mqi&agboﬂé&spfedutesaas«mimdimimBG.

o | The voltage V 2 is then applied to the negative |

L _ 15 input of the 'aubtragtion' circuit 26. For the same

i ' reason p:eviqusly mentioned, the output signal
\/ 2 suppli‘ed to the subtraction circuit 26 by

3 ' the squaring circuit 36 is directly proportional to
. R _ the energy stored on the capacitor 14 at the moment
I 20 of termination of the flash. o

The output of the subtraction circui:, i.e.
V 2, Vﬁz. which is fed to one input of a
'comparatot 38, is thus directly proportional to the
amount of energy delivered to the flash tube 12
25 during the flash, i.e., the result of the subtraction
is representative of the energy used in the flash.
_'The'ohtput signal qu-of the squaring circuit
36, wvhich is directly proportional to the amount of
energy remaining stored in the capacitor 14 at the
30 instant the flash was quenched, is fed to the second
" input of the comparator 38. When the output signal
of the subtraction circuit 26 is equal to or greater
than the output signal of the squaring circuit 36,
the comparator 38 produces a low level output.
35 Conversely, when the output signal of the squaring -
~ eircuit 36 is greater than the output signal of the



35 _ Conversely, when the output signal of the squaring circuit 36 sa
grgater than the output signal of the -6- 'subtraction C|r0uyt 26, the
apar at or 38 produces a high level output. The sanmple and hold circuits 22
1:4” the squaring circuit 36, the subtraction circuit 26 and 5 t he »
parator 38 formeval uating neans for evaluating the flash-firing
operation. The instantaneous voltaég on the capacitor 14 is nonitored by a
vol t age divider consisting of a fixed resistor [err] and a variable

7 o ek, 1088 205U st SHoR 17 (5"

recei ves dreviede ougputye representatlve of the nlnlnun1voltage:~ +8d
to fire the f1ash tmhesaaplevhﬁa &hmwiﬁam;l?zz andr 853 the resistog RL L=

greater than e reference t he tor 40 ,pr ces a hi gh\| evel
out put . 8 3&Ff§8g 3§ t %P5 %ggp §FPft ge §ﬂ§ to or |ess
t han She ﬁﬂEEKEWW@r¢§DFa§8 fonn evn&na nn'mulqpr&butes a low | evel outpu

20 evalubtdn Hetilﬂﬁhlffri etatdyh [he conparators 38 and 40 ar
fed to the three |%§Ft term nal -AND ate 42. v%en t hese three inputs
are sinul taneously &“ﬁFﬁﬂt?ﬁﬁ%ﬁs Y aSQSQPb CARBRLERT (he energy '

remai ni ng 1k d.raedomltbhedchyaalvalt@e divider fcb&sllsqmngchfl a8 greater than
the eneroyeqp vaRigre' R abl%8 VEXDAIY TedtBbo R 1O N NG capact t or

vol tage is _greater tha e reqU|re6 to fire the flash tube-
1.2; Hha (he yoltage; ﬁF@PvﬁFrBan@erﬂd@ Fe8istorsBgod8 has el apsed 30

si ncedt he fleds topbaei ftiputi 6£Ng ﬁmﬁ&&ﬂ‘dzﬁsﬂo t ul!'aelzecbha44AND V\gatﬁ 42 ]
provi s Sk BE chliBhphfnfor b Wiodbliy i Sheabd 44 v ch oy be..
vo tage representative of the minimum voltage
required to fire the flash tdbe 12. When the voltage

15 across the resistor Rl is greater than the
reference voltage, the comparator 40 produces a high
level output. When the voltage across the resistor

: R1 is equal to or less than the reference voltage,
the comparator 40 produces a low level ~output.

20 The outputs of the timer 20 and the
comparators 38 and 40 are fed to the three input
terminals of an AND gate'42. When these three inputs
are simultaneously at a high 1eve1; that is to say
vhen (1) the energy remaining stored on the capacitor

25 14 at flash quench is greater then the energy
consumed in that flash eprsure;.(Z) the remaining
capacitor voltage is greater than the minimum voltage
required to fire the»flash;tubezlz;_end (3) a time
interval of not more than one secqnd,has:elapSed

30 since the last previous firing of the flash tube 12,
the AND gate 42 provides an output signal to a
voltage sensitive switch 44, which may be, for
example, a Schmitt trigger. When the voltage
sensitive switch 44 receives an output signal from

.35 the AND gate 42 it produces a low level output
signal. This low level output signal can be used to



sensitive switch 44 receives an output signal from.35 the AND gate 42 it

produces a | ow bevel output signal. This |ow | evel output signal can be
used to -7 informthe operator that the flash unit 10 can provide O
“suLKJC|ent il kum nation for the next exposure, by turning on an indicat

| agn ™46, for exanple an L.E. D., and/or by enabling a canera 5 shutter
nechahksn148 The shutter nechani sm may be*® énabl ed, for exanpl e, by
activatrng .a shutter el ectromagnet 54 mhlch rel eases a trigger bl ocking

mechani sm or whi ch uat es, t he sh S provi ded
with an automatic ' SB% 15 °ﬂff‘ &hP ﬁafgﬁegﬁigei?ﬁgﬁ%lcture
taking cycle. 1f a pamuﬂdepaufﬁg¢&QNt|t11uninaﬁ&nn or|ngetnex§et peri od
(€. g. one second). OExPBEu?é”EB Z&rﬁf&ﬁ"o@tad fl%d@.ﬁﬂt!ﬁgt Yahp p&6 | ofoi he

timer produces a lo w |.evel a turns ff 15 the
\? &

AND gate 42 which ||‘F"L°H'Pﬁrecﬁﬂ s V/BH QF, B ena 9398 pbr oduce a
hi gh | evel out [th sishatkerhméchaniem #8. | r‘llhe:ahutg:elranpchenQMImy deabl es

hut t h 4 I 20 flash
shutter nechani sm 4,aBje aregb9u§* é@ﬂé by et llkhgra Bhiteér as

exposur es are taken I.n rap i’d lﬁg& t.hat

phot ogr aphi ¢ subj ec® ﬁFFF°H&8%°E FRieases, @ & 1§8§ﬁ|$£3§5%?§ t he
f1ash energy requi rmiadmmeﬂcbrevnﬁeurectmm e shatteryitsalfhif the

ci reunst ance, theref f d S) on

the basis of t gé 2:38 FROYHTed WiuH Mo 4R E VollFRERANAT <) |

i ntroduce a si ctiozk for Hﬁﬁ%ﬂ%&@sﬁh@ Pi@%é’-ﬁi‘ﬁ&! gpsie: the

tinmer 20 and the 30 conpar aggr g sécend fﬁ?i GOoRbtokaken dutingh
uni

Lo or Seankad aed Besddl LR U iedy S #0828, 0 ¢

then, at the end of that period the timer produces a
low level signal, This low level signal turns off
15 the AND gate 42 which in turn causes_vbltgge
' sensitive switch 44 to produce a high level output
, signal that turns off indicating lamp 46 and/or
A .. disables shutter mechanism 48.
' | As previously noted, when a plurality of
20 flash exposures are taken in rapid sequence it is not
U : likely that the photographic subject will have
o changed enough to alter significantly the flash
energy required for each exposure to be
 satisfactory. In this circumstance, therefore,
25 controlling the flash ready mechanism(s) on the basis
' of the energy used in the 1mmediate1y previous flash
does not introduce a significant risk of
underexposure. '
As described above, the timer 20 and the
30  comparators 38 and 40 provide control for a flash
ready mechanism when the electronic flash unit 10 is
operated in a rapid sequence, for example less than
" one second between two. consecutive exposures. When
- the time interval between consecutive flashes is
35 beyond that established by the timer 20 for the rapid.
- picture mode, the operator is informed, in the



one second between two consecutive exposures. Wien the tine'interval
\yeen consecutive flashes is 35 beyond t hat established byt he timer 20
e rapid picture node, the operator is infornmed, in the preferred, -
gtiffment of the invention, that another flash exposure can be-taken =
enever the voltage stored on the capacitor 14 is at or above the mni maQé,
level required to ignite the flash 48be 12. This is 5 acconpli shed by -
the addition of a second timer 50 and a'second AND gate 52. The conparat or

40, as preV|o ih, | evel qut put whenever the
i nst ant ane ke % gﬁﬂ@"@ 6rE Pe FheTe i ni num
vol tage regfilagh expdfure fclatebmeakbashheubwetz;he Toltiageer 50 i s enabl ed

oneseoong debiediod thd | 'J‘? is LER 1416 0t ot Wi bl itotaluat. . SIS A
ﬁ&&oﬁge g?‘?@h "1‘!}’3 &Irablaé’ﬁ‘@n a8f the tiner -

tlne i nt ef vafVe: dFe
"AS| onmcmphshdébmthwtddttlbn of cd usécond AfimerhiSéh andvel out put by

the timer 5% an%&?%énem/ gQarg g Ebéﬁy*ﬁtc]p 40. By e fully charge the

capaci tor reddice -t e rcs der e’xposure The:

di sadvant agereyienslghfescribed,nprgvides; achigh deanal ontpyt course, that ,
the 0pp0rtuuah&:ye?extai@ mﬁdambuex?esuﬁge mls ttmftu ; eIK a shorggr
t|ma|nterv Q roduct a hi eve y the tiner

decr eags ﬁ oﬁf ?‘PS@H“& gg qftf%u e made but al so

|ncrea§ s tﬁtre ﬁkecﬂaﬁd@fl&epdgureTh!hbhe:piﬂsls;fenéﬁ-Qﬂommﬂator 40 and -

the timer S&ér@ué gk (JF e iioeknBthel 20 £41Ps o QWD 0ale 52, When
t hese two | %e 30 si mul t aneousl f\i L@t | evel, that is to say

when (1) (i€ Lrefftfms ong sgcohd §t 14 after flash
quench is gpn@dtmes rehighe levellroutput after a predetermined

time interval, for example one second, after
15 enablement of the timer 50. ‘A longer time interval
" before the production of a high level output by the
timer 50 will allow the charging circuit 16 to more
fully charge the capacitor 14 and thereby reduce the
risk of ﬁndetexposﬁfe} The disadvantage of a longer
20 charging time interval is, of course, that the
opportunity to take some flash exposures is lost.
Convérsely, a shorter time interval before the
production of a high level output by the timer 50
decreases the wait before another flash exposure can
25 = be made but also increases the risk of
underexposure. - o '
The outputs of the comparator 40 and the
timer 50 are fed to the two input terminals of the
_ AND gate 52. When these two inputs are
30 simultaneously at a high level, that is to say when
(1) the voltage remaining stored on the capacitor 14
after flash quench is greater than the minimum _
voltage required to fire the flash tube 12; and-(Z) a
time interval of at least two seconds has elapsed
35 (the one second high level interval of the timer 20
plus the one second low level interval of the timer



voltage required to fire the flash tube 12; and (2) a tine interval of. -at o
| east two secénds has el apsed 35 (the one second high level  interval Qg \
the timer 20 plus.the one second | ow | evel interval of the tinmer 50) \©
zzngND gate 52 provides an output signal to the voltage sensitive switc

4~ <The vol tage sensitive switch 44, in response to the output signal from
the AND gate 52, produces a Iom/IeveI out put signal which 5 Is used to
turn on the |nd|cat|ng | anp 46 and/or the shaPrer el ectromagnet 48. In
~anot her enbodi nent of the present invention, another input to the AND gate

42 is supplied by a ra, focyssin hani whi ch
The focusi ng nechanlgﬁsgr be %?% iBRPYAR S éﬁepgggﬂﬁaffgéggqg%agg t he
ref erence vol tage r emoltageasensitive hawitch Aéa vTheayoltegei seasitiver e

the flash tube, wheng w&Echhwaifﬁr@eépé@wS:d %@%&gqtt BignhPNEFém 'EH@E

tt d t he-f 15 t
Zﬁot Ihg? i ﬁ[):r?gt o She% Sggeggg Heee & ]gi’eby é‘tPIHErg §5ﬂba‘7§i‘%$

whi ch receives @ ref d.raensedstgnaﬁrnmhathemmmgl dempi §fiaand/or the
representative of filgg el&@gﬁﬁﬁa% 0¢ ggerture, and the distance of the
20 phot ogr aphi c subject roma ran |nder Furthermpre, pro ortlonlng
feans coul d be provided for tH& ienother: embedimendHatide w%&ﬁfﬂhw’aﬂt on,

enabling high |evel shetkdr i lm towodetuetQNDhgawmgate stippliiedebgr at bemera
fraction of gtyhree?'e@ %@&iasu ACURLEE mEf S SRR F° T c”,eé’
flash operation, é@sm@#nsn@eeheetemcprqxidﬁf & disabd PGtB“ﬁrLGﬂ%
accept abl e underex- igwal: otOcfianges the reference voltage
representative of the minimum voltage reqpired to
fire the flash tube, vhenever the camera's focus is
changed to a longer range setting during the- first
15 one second "rapid picture" interval. Still another
input to the AND gate 42 could be supplied by a third

- - D comparetor which receives a reference signal and an
_ ) o exposure value signal representative of film speed,
'd_ - _ camera lens aperture, and the distance of the

i - - 20 photographic subject from a rangefinder.

Furthermore, proportioning means could be provided
for the inputs to the comparator 38 so that an
enabling high level signal is provided to the AND
gate 42 whenever the stored energy remaining on the

25 capacitor can provide a'predetermined fraction of the

 energy deiivered to the flash tube 12 during the
previous flash operation, such predetermined fraction
being suffieient'to:produce'an_acceptable underex-

posure.
- 30 '

35

- -



-10- Cdainms 1. An electronic flash apparatus. including a capacjtor, a
fl ?ai t ube energi zabl e by the capacitor to prdduce a flash of i ation,
anQeries, type quench neans 5 actuatable t ate the discharge of

t he

adequate remaining 10 energy at termination of the discharge during that
exposur e. €dag®8duce in a subsequent exposure a flash which woul d produce

acceptable illum ngfi Qin Gf1ectzoRie ha&sngapybsmlﬂdmdm @ane exposurer’
par ametersiggcg 8;5? off%hse11 }Hﬁ,ne &Qr% Egg gﬁ g% thceitsoar' f| rst s

exposure as Cl al med in
claiml. phedece ahflashafithaddardans an@l aeeseen@rgg/ qmﬂamn imegnseans for

nmeasur snga&*a@aeaswyw rtmﬁxﬁaﬁa@nteoazahnab?el Bt Lerd | pacitbrat the

term nati on_of An el e trgglc f g€a£at s as clained in 20
claim2, ?ﬁrt?@R°?$uﬁiﬂﬁﬁﬁ}%£1HM 508 FARRBUFE ?Or 3 iﬁﬁ;qquf%ﬁ“§charge of
t he capaccoonech¢®ugm the dapastitoghe £08 ‘evatvatirg gt ZXIen-tdirimge 1 ash

tube by t@ﬂeEi‘Pﬁ&ﬁtvﬁhclﬁ%éﬁﬁ %@ﬁxt&eaeamv gRSs &k dreans incl udes
nmeans actuated kX%t e tr%ﬁKE%ﬁCIFCUIt at-the tinme_of 25 triggering the

di schar ge98FefREI¢ AR
time 26 ienergyian vérnimdiesihf ahe ddachangeudueindythdre quench neans at

the time QJ:F&&?]% &S | Prodifcd 3 fa] %%*stEQﬁeH?aé%bé‘Qré hg Pfﬁlﬂ&lﬂl@ nf he

capacit or e term nation el ectronic
flash appﬁ?ﬁ}%sp%ﬁﬁﬁﬁ%uQﬁﬁfqﬁ?hﬁeaﬂ&ﬂEmIRﬁéigPn°fh% RAYVAEIr i ng neans
i ncl udes sebgsafiviaBlpitecidane elxposazsupadanaters ois ttweanarfythien t he

Zﬁﬁ?;'t?L ?%n&ggnéf%éﬂéBHdd“thEnhh%n@'§§§dePP§£h§x€E?EHEEd value of the
¥5 2. An electronic flash apparatus as clalmed in
claim 1, wherein the evaluating means includes énergy
measuring means for measuring the energy in the capacitor
at the initiation, and at the termination of a flash.
' 3. An electronic flash:appatatus as claimed in

20 claim 2, further_in¢1uding a trigger circuit fb:
triggering discha:ge of the capacitor'through”the flash
tube to cause energ1zation of the flash tube by the
capacitor, and wherein the energy measurlng means includes
means_actuated by the tr1gger c1rcu1;_at_the time of

25 triggering the discharQe'of the capacitor for measuring
the energy in the capacitor at the t1me of initiation of
the flash, and means actuated by the gquench means at the
time of termination of the flash fo: measuring the energy
'in the capacitor at the termination of the flash.

30 ' 4. An electroﬂic flash apparatus as claimed in
claim 3, wherein the energy measuring means includes means
for subtracting the measured value of the energy in the
capacitor at the termination of the flash from the
measured value of the energy in the

35

apacitor and, hence, radiation By°rhe flas ““lﬂm““ iﬁg means. \_../
connected to the capacitor, for evaluating a fl I on mhlch“JN
occurs during a first exposure to determni ne whether®tHe capacitor retains "¢

°ﬁ€5§&FPﬁg‘Fﬁ@lﬁﬁe?iﬁﬂ?ﬁF?fﬁ? % or at the.
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-11- capacitor at. the i nitiation of t;ﬁ \Wg‘iveha resul t
I

representative bt t he energy used in WM“!EM’M’FS for conparing the,.;
he capacitor at t .
Tadh

sai‘\d result with the neasured value o

termnation of the flash. 5. An electronic f dpparatus as clained i
clamMmm 2, 3 or 4, wherein the energy neasuring neans includes sanple and
hol d neans for sanpling and storing the vol ta'gél(m the capacitor 1) at the
10 initiation of the flash and 2) at the termnation of the flash. 6. An

el ectronic flash apparatus cl aj i laim 4 or, 5. ingludi f h

exposur e ready means, Fr‘R&FiﬁBEngw'gg‘egﬁgﬁfﬁ@ﬁ%g%iwngifﬁge%a&#@és‘

and conparat or nmeans ctepult représentative g tivecenezgy usedsinsthel fliash

means and sai d eval uat pR@ HBAAS for'é‘&ﬂﬂiﬁ%tﬂife isla3 3 r¥B2E Lo Eh Oy NMEANS
e

whenever, within the tine period t ab hed by the t r nean t he d
r emai \I‘/li ng \c.,amner-lgy is @r'léﬁfﬁ r?% v‘f‘?\%rf’ #@'%ﬁé\%}yugédk f ?ﬂ%“?i’l"r‘éﬁi%ﬁ Z"'Iq'lip

preceding flash. 7. Anterminathen of ghe Hlashs us as clainmed in claimé,
adapted for use with a photographi cAs agbécerdiiie F1aah appetheis @y éhaimed

el ectrical | y-actuat od FRapge{groNghla Nf Hthiad lchaObhE PREL ALLAT O T d i
shutter, said flash exposure ready” reans_heing so forne 0 provide a
signal to said el ectri ¢BFRPAastsaERke And hold meqns: fox: pampLing and

appar atus substant - i abtyring eheiviliage ociette kagavitbrrb)cicnelieet 0 and
3_0 as illustrat ed1bn L PR1884OTDATYE %&jrf’ﬂ&g'aﬁsn at the termination of
| the flash. | _
- 6. An electronic flash apparatus as claimed
in claim 4 or 5, including f£flash exposure ready
~ means, timer means for establishing a time interval,
15  and comparator means coupled to the flash exposure
ready means, said timer means and said evaluating
. _ means enabling the flash exposure ready means
4 whenever, within the time period established by the
. - . - timer means, the said remaining energy is greater
' . 20  ¢han the energy used in the immediately preceding flash.
I . : 7. An electronic flash apparatus as claimed
' in claim 6, adaerd for use with a photographic
camera including a shutter having
" electrically-actuated means for enabling and
25 disabling operation of the shutter, said flash
exposure ready means being so formed as to provide a
signal to said éleetrically-actuated means. '
8. aAn électronic flash apparatus substant-
ially as hereinbefore described with reference to and
30 g5 illustratéd in the accompanying drawing.

35
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