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' '' OOMPLETE· SPEaflcATION.' '' ' : 

; :" 

. 
' · E,~e Cc)litr9l:Apparatus. = .•. 

- ,! .· . . . . . .. . 

-:We, EASTM4N· KoDAK CoMPANY, a Com.; photocell ap.d· ihe:. film 'are simultaneously 

. pany organized · under the- Lam of · the <::lo~ed until th~ intensity of light· reaching 

State of .··New . Jersey, United States . of tb,e pll,ot~lt i.s r.edu~ to the calibrated 45 

America, of 343 State Smet; Rochester; level; i.e., to tQ(Mnm.imum level for. accept-

s New York 14650;United States of America·~- a.bl~ fiJm. exposure.: In some prior art de­

do hereby declare the. inv'ent~on;: for whiCJ:t . vices of this gene~ "null" type, the gal· 

we pray .that a patent may be· granted td y~noipeter ,has,.no, return spring but instead 

US, aiid the .method by which it .is to be . has two oppo~tely,poled coils .for control"" 50 

·performed, to be· particula:rJy; described ·.m: ling the apet:(iire::for.rnblg diaphragms. one 

10 · and by the following statement:'- . · tending to Cl<)8e th¢ aperture and the other 

. The pre8ent fuventfon relates (ro ~J?OS~ tendi'rig to open·i~.i . .· . 

ure control apparatus and· more particu~ ·; ·Althougb.J}jese ;''null" type systems are 

larly concerns automatic exposure control m.:ore sati'Sfuctoty: ,than the o~r exposure 55 

apparatus for photogr~phic cameras. control syst~ms.:,r~~erred to above. they· al$o 

15. The exposure of· film. m· a ~era may require the use ·ot expensive, sensitive gal~ 

· be regulated automatically by adjusting the · vanometer-type ::~hani&m.S and, like most 

. aperture as a ftinction of. seene brightness. · atJtoiilatic . exp<)s~e oontrol s}rstems. s~er 

It has ~en common practice to employ. a the disadvan~~ge, ~hat the bearing su~ 60. 

galvanometer 'for inoving·:one ·or more dia" of' the mechanisi:Q. ten4 to "bind" due to 

20 ~hra~·.l>I8;des as_·a 'funqtioi:{of the inte~it}' .static friction. ··sqch 'fric:tion problems tend 

of seene :light: as momtor«t by a phc>to~ to i;educe ac~uracy, particularly at low cur­

voltak: Cell connected' to 't~: ga.J.vanomet~t~ itent ' levels.. flrid; !also result .in jerky dia-

Also, in.stead of using a::photovaltaic cell; phr~giii move.tnent. · · 65 

it is well known to use a battery conneeted ··It' is .an:'~bjeOti of this invention io pro~ 

25 in series with·· a phototesistive cell. TheSe vide an all,fonijl* exposrire control system 

prior · arf systems ·have · been consid~red which causes :the; exposure· setting means to 

unsatisfactory because of: the difficulties remain iii ~ritiµuous motion to prevent 

encountered in closely matching the cios: friction "biildin:g". 

ing .characteristic of the diaphragm to 'the A~ordfug fo the present invention there 

30 senSitiyity of the cell at; various levels :()f is provided"'aµ.·:.¢xposure control apparatus 

70 

illumination. · · "< of the type h:aying an exposure aperture 

In 'Order to overcome· this difficulty; regulator 'cOiittplled by a photoelectric de­

''n~··. type sy8tems ~ve· ~ used ; irl vic_e. conip~s~g a source of CY.clical cur- 75 

which · a servomechanism simultaneously rent pul-ses. : aq electro-mechanical trans-

35 Controls the aperture(s) masking_ both. Jhe duper f<?f ;a¢tuating the regt$tor, means 

photote~ and !he caID:era's·taking lensJThe for_ passmg; µte: c~rrent. p~es tbroµgh tbe 

system is· designed so that the apertures transducer to provide v1bration of the regu-

.. - · are· fully open when the 'photocell· is ex:~ fator about . ~ :mean position, the ·photo- 80 

pc)sed ·to: l}le 'miriin:iiun ~tensity of ligl)rt~ el~tric d~ke : ~ing arranged. to · control 

40 quired: ~o: ·make ·an acceptably. expos¢ the ~ergy· c.9n.tent of one polarity of the 

phofograph;:: When tJ;te light intensityjn:i ~urrent. pu~ses·to determine the mean·posi-" 

creases;.the· aperture(s) :masking· both. th~ t1on. · 

., · ·; <[.Price4s. 6d.] ·· .·· 
, ·· 
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The .invention will be described further, 
by way of example. with reference to tbe 
accompanying draw.ings, wherein: 

connected to the junction of the capacitor 
Cl and the resistance. R6. 

65 ;- -, . - t!~ 

·~·-.. 

Figure I is a schematic circuit diagram 
5 of the device according to one embodiment 

of the invention; 

10 

Figure 2 shows an alternative embodi­
ment of a transducer used in the inven-
tion; · . 

Figure 3 shows a further embodiment of 
a transducer used in the invention; 

Figure 4 shows an· additional embodi­
ment of a transducer used in the .invention; 

Figure 5 shows an a:lternative embodi-
15 ment of the invention µsin,g af! amplifier 

for one of a pair 'of coils of a tranSducer 
used in the .invention; 

Figure 6 shows an embodiment of the 
invention using an amplifier for ~ch. of 

20 the coils of the transducer; · · 
Figure 7 shows an embodiment of the 

invention . using two amplifiers for each of 
the ·coils of the transducer~ ·and 

Figures 8 and 9' show an embodiment 
25 of the inventi9n, using a Schmitt trigger. 

Figure 10 shows an embodiment using 
a multivibrator with a noise suppression 
network. 

Figure 1 J show&. a fqrther embodiment 
30 of the .invention using a single batt¢ry and· 

a single coil reversible transducer. · 
Referring to Figure I, ~re is shown 

schematically a camera having a photo­
sensitive surface F · which -receives light 

35 through a lens 0 ~ong ·an axis L. Betw~ 
the lens 0 ·and the photosensitive surface 
F is a movable aperture plate A which 
controls the brightness of the image reach- . 
ing the photosensitive surface. Of course, 

Connected .in parallel with the resistance 
R2 is the photoresistance R4. Because the 
resistance vaJue of the cell R4 tends to be 
low at high illumination levels, a·· resistor 70 
R3 is comiected in series therewith to raise 
its minimum effective resistance. 

The coils Nl and N2 which are oppo­
sitely poled coact with ·a magnet· · M to 
control the positJon of the double ape(ture 
plate A by means of a shaft B. When 
the aperture plate is moved, it varies the 
amount of. light falling on the photoresist­
anoe R4, as well as varying. in the same 
manner. the amount of light passing 80 
through the lens 0 and falling on the film 
F. 
· The transistors Ql and Q2 are con­
nected to operate as an. astable (free run­
ning) multivibra.tor. When the transistor 85 
Ql "i-s "on". the transistor Q2 is "off" and 
vice versa. ' The current from the transis-
tor QI is fed to the coil NI~ The current 
from the· transistor Q2 is fed to the coil 
N2. Thusr in operation, there are alternate 90· 
pulses. passing through the coils. The dur­
ation of. the "off" time of the transistor 
Ql is . determined by the product of the 
resistance Rl and the capacitance Cl. The 
"on". time of the transistor Ql is deter- 95 
mined bv. the product of· C2 and the paral-
lel comoination of R2 with R3 and R4. 
Stated another way. 

T2.:::;: KlRlCl 
Tl ::; K2C2R2$.3 +R4) 

100 
R2 + R3 + R4 

40 ther~ may ~ a shutter (not ~wn) to de- where T:l and n are the "on" times of 
te~n;ie the time Qf ex.PQsure of the plioto- the transistor Ql ·and Q2 respectively, Kl 
sensitive surface. . . . and K2 are eonstants, and RI, Cl, R~ R3 

The aperture plate A, while . contr-0~~g and R4 are the values of the several re-
the amount. of light to . the ph<>tosensi~1ve spective components. 105 

45 surface F, SJJDu.Itaneously controls the light The resistances are adjusted so that 
to a photoresIStancc . type . photocell R4 when the photo-resistance R4 is illumin­
whi~h reg~t~ the circuitry shown sche- ated with the minimum light for an accept­
~ticalty m .Figure ~· A bat~ry V sup- able exposure of the film F, the mult1vi­
plies the. device. This battery- is C?n.trotled brator gives equal .e;ulses to each of the 110 

50 by a switch SW and feeds a. multiv1brator oppositely poled coils and the apertures 
which consists of PNP transistors Ql and are adjusted to their fully open condition. 
Q2. Connected between the bases of the When a brighter scene illuminates the 
transistors and the negative termina.J, of the photoeell, itS ·resistance falls. thus decreas­
battery_ are respective resistances Rl and ing the "on" time of the transistor Ql. 115 

55 R2. Also in series with the base of each Because of the result.ing decrease in cur­
transist~r are respective capacitors <;I . and reiit through the coil Nl, the magnet of 
C2. resistors RS and R6, and coils NI the transducer pulls the aperture plate to­
and N2 of a galvanometer. The· collector ward the coil N2 which decreases the light 
~f each transistor is ~onnected to the junc• both to the photocell and to the film. The 120 

60 t~on between the se~ies con~enser }illd re- magnet co~tinues ~o pull the aperture plate 
SIStor of the opposite -transistor, 1.e... the_ until the hght falling on • ~e photocell has 
collector of Ql 1s connected to the 1unc- been teduced to the muumum level for 
tion of ~he capacitor C2 and th~ re~is~ce which it was ori~ally set, thereby restc?r-
RS, while the collector of 02 JS SlDlilarly ing the predetermmed equal and oppoSlte 125 
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-\" ·;._, curr¢nt pulses. to:ilunx~ils Nl ·and .. N2.'io tranSistcirs·:QlO and:Q1i is on at.ali times.· 

)~,>: .. balance the transducer. . ·'· In" Figure 9: Whei:(Q7 :i8 oii; and· Oa is off~· 

_/,.., The frequency of oscillation o~ the multi-· transi~or .010 pt:qvid~ motor. ~urrent ·hi 

<ff.· 
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vibrator is adjusted. by well 'known means, one direction whereas·when ·os is on. Qll · 

5 so' that the aperture plate A has a barely provides motor current in the opposite di" 10 

per~ptible vibration at its :nUll point. This rection. · · · ·.. c · 

keeps .the .aperture plate in inotion ·so as to The motion of the- ailerture plate can 

overcome static friction, but·· d.Oes· not per- be. rotary· or linear· depeD;din$ on· space re~ · 

ceptibly ~tfect -the ·pieture-tak:ing' capability qu1rements of the appljcation. Further~ 

10 of<the lens aperture.· : • . ·· more, as 'Shown in Figures 2 to. 4, the cqils 75 

::Figure 2 shows; a transducer in, which the can be either movable or. stationary. :all.d 

stator is a permanent: ·magp.et M, and the the magnet can be either permanent -•.or 

rotor.-. carries• ·the oppositely Wound coils electromagnetic. Also, opposite supply 

Nl.-:arid NZ;· The operation of .·the device voltage polarity can be used and the" op-: 

15 is e-xactly the same as in Figure l. posite transistor types can be used it(the 80 

·Figure 3 shows a transdueer ;wherein the manner known in the art. · ·' ': : 

rotor carries a permanent magnet M, and Figure 10 shows· an embodiment ·using 

tb;e stator carries oppositely ·wound coils a dua.l coil element wherein a filter . net-' 

Nl and : ~2. . Again, -~e operation is the work consiS.ting" Of ·a: capacitor C3 and a 

20 same =as: m Flgure 1.: . resistor R7 has been' connected across the 85 

:Figure :4 ; shows a transducer similar to voltage supply of the circuit. A ca~citor 

Figure 2;.'but where the permanent magnet C4. which is connected between the ·riQllec-· 

ha~· -been : repla~ by an electromagnet,' tors of the multivibrator transistors. ~o 

constituted by a Winding N3 around a; acts as a filter. The combination of these 

25 c6re. · two :filters minimizes ·any noise tbat. might 90 

30 

35 

.·Figu~ 5 is similar to Figure 1, except be generated by· other lc;>ads which :may 

that it provi~ an additional transistor be connected to the same source, such· a's 

Q3 to alleviate the load on the multivi- a motor. Diodes Dl and D2 protect the 

brator tra.lls.istor QI. The transistor Q3 is transistors from voltage spikes generated 

NPN and has its base connected to the by coils Nl and N2. - A diode D3 ·pro- 95. 

collector -of Ql. Its emitter collector .path tects the circuit from voltage spil{e8 ·· that 

is · connected - from one of the oppoSitely originate in other loads- connected to the 

wound transducer coils to the negative ter- same source . 

mirurl of: the source. · Figure 11 shows a circuit using a mul-ti-

Figure. 6 is similar to Figure 1 except vibrator but using a single coil reversible 100 

that PNP transistors Q31 and Q4 are in- element N. When• multivibtator trlµisistor: 

serted to control oppositely wound . coils Ql is on, transistors Q13 and Q14 ~re on. 

NI and N2. Each base of the tranSlStors which passes. current through the element 

Q31 and· Q4 is connected to its respective N in one direction. When transistor Ql 

40 collector electrode of transistors Ql and is off. the transistors Ql3 and Ql4 are off, 105 

Q2. ; T.t;te enµtter collector paths of the and transistors Qi, QIS and 012 are on,· 

transistors ,Q31 and Q4 is connected from which passes ·current through el~nt • N 

each ·· res~tive opposi~ely pole_d ·coils Nl in the opposite direction. • •. · ··. 

and N2 to the .negative termmal" of ·the Because the currents through cQils NI 

45 source;• 
and N2,. or the single coil elements of fig- 110 

. Figure 7 -is similar- to Figure 6 except qres 8. 9 and ll>• are ftowing alteriiatively, ·· · 

that two additional PNP transistors Q5 and the total current drain is low. Furtheririore, 

Q6 have been inserted further to isolate the continuous njicroscopic motion· of the 

opp<)sitely poled ·coilS Nl · and N2 from device permits the use of a mechani$in· with· 

50 their respective multivibrator resistors. higher friction and lower tolerances; thus 115 

Figures 8 and 9 show embodiments decreasing the ctjst of manufacture~ : 

which a Schmitt trigger has been substi- Additionally,· since the· qev~; tends to · 

tuted · for the multivibrator of the other come to rest always with the same 'amount 

embodiments. The Schmitt trigger con- of light falling on the photocell and on the 

55 sists :of NPN transistors Q7 and Q8 :to.: fibn, the. expos~re control need only be 120 

gether with their associated resistors· and calibrated at a >single light level, i.e., the 

operates in a manner well known in the minimum usable light level, ~hich, of 

art. . The Sclmtltt trigger drives· a pair of course, may be made to vary m accord­

transistors QlO and Qll whose emitters ance with exposure variables such as film 

60 are connected to a motor M which, instead sensitivity, shutt~r speed, filter factors, etc., 125 

of being a: two-coil movement as in the by the provision' qf varia:ble components in 

previous embodiment, is a single coil ele.: the ·circuit bi' tp.e marine1" well known in 

ment which is reversible and responds in the art: These circuits are well adapted 

a direction dependant upon the direction to being manu!actured by the . integrated 

65 of current flow therethrough. One of the circuit techniques. All of the semiconduc- 130 
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tors and the pootoconductor could be part 
of the same . crystal 'This could be done 
on a silicon wafer. monolithic type of con­
struction, ·or on a thin film deposited type 

5. A control apparatus as claimed in ~ ~~, 
claim 3 or claim 4 in which the further· 605~: · · 
means for producing a magnetic. field oom-

5 of construction, both of which are well 
known in the art. · 

In addition to being useful on a photo­
graphic camera,· this exposure control would 
be suitable for use on a television camera 

10 such as a vidicon. image orthicon •. or icono­
scope. In fact, this control wouid be use­
ful in any application where a movable 
object is .. controlled in response to the 
amount of light, such as an application 

15 where a rheostat is varied in response to 
ambient light. .. . . 
. The foregoing_ examples are merely illus­

trative and are not . m~t to be limiting. 
Other applications ~f the invention will be 

20 i:ea.dily apparent to one skilled in the art. 
The invention is therefore to be limited 
only by the appended clallns. 

. . 

WHAT WE CLAIM IS:-
1. An· exposure control apparatus of 

25 the type having an exposure aperture regu­
lator controlled by a photod.ectric ·4evice, 
comprising a. source of cyclical current 
pulses, an electro-mechanical transducer for 
actuating the regulator means for passing 

30 the ·current pulses through. the transducer 
to provide Vibration of the regulator about 
a mean position, the photoelectric. device 
being arranged to control the energy c.On­
tent of one polarity of the current pulses 

35 · to determine the mean position. 
2. A ~ntrol apparatus as c1ahned in 

Claim 1 wherein the source of cyclic& cur­
rent pulses . is a mu}tivibrator . having two 
outputs, and the electro-mechanical trans.,. 

40 ducer comprises two oppoS:itely poled •coils 
and a further means for producing a .mag­
netic field, each of the outputs being con-
nected to a respective coil. · 

3. A control apparatus as claimed in 
45 Claim 2 wh~rein the aperture regulating 

member also controls the light ·reaching 
the photoelectric deviOe. and wherein the 
photoelectric device controls the energy 
content of the pulses coming from one of 

SO the outputs. so that the movable means 
will tend to assume a position wherein the 
light reaching the cell has a predetermined 
value. . 
. 4. A control apparatus· as claimed in 

55 claim 3 in which an output of the multi­
vibrator is connected to the input of an 
amplifier which in tum drives one of the 
coils. 

prises a permanent magnet .... 
6. A control apparatus as claimed in 

claim . S • in which . the permanent magnet 
is rotatable. and th,e oppositely poled coils 65 
are mounted on a stator. 

7 .. · A control apparatus as claimed in 
clalln 2, 3, 4 or S .in: which the further 
means for producing a magnetic field com-
prises an electromagnet. 70 

8. A control apwatus as claimed in 
claim 3. or any claiin appendant thereto 
wherein .. the . multivibrator comprises two 
transistors~ and wherein the photoelectric 
device iS ·a photoresistance, and varies the 75 
"on" time· of one of the transistors. 

9. A contrql apparatus in accordance 
·with claim 3 or any claim ap~dant there-
to in which the aperture reguJa:ting member 
is arranged so that movement thereof var- 80 
ies . both the exposure light · and the light 
to the photoelectric element similarly.· 

10. A control apparatus as claimed in 
claim 8 or claitns 8 and 9 wherein the 
transistors have their emitters connected 85 
together to. one side of a voitage source. 
and · their collectors are connected to the 
respective outputs. · . 

11. A ·control apparatus as claimed in 
c1aim 8; claims 8 and 9 or. claim 10 where- 90 
in the two coils have a coinmon terminal 
connected · to the other side of the source, 
and wherein the· photoelectric .device has ·at 
least two .teiminals. · one of the terminals 
being connected to the Other side of. the 95 
source; and another of the terminals being 
connected to the base of one of the tran-
sistors. . 

12. A control apparatus as claimed fa 
claim. 1 wherein the source of cyc1ka1 cur- 100 
rent pulSe.s is a·,Schmitt trigger and the 
electro.mechanical. transducer is. a · single 
coil element which is reversible in that 
it can respond ·in a direction dependant 
upon the direction of current :flow. 105 
.. 1-3. A control appara;tus of the· type 
having a movable means controlled by a 
photoelectric device. substantially as here­
mbefore described with reference to ·and 
as illustrated in Fig. l; or Fig. 1 as modi- 110 
fi.ed by Fig. 2 or Fig. 3 or Fig. 4; or Fig. 5 
or Fig. 6 or Fig. 7 or Fig. 8 or Fig. 9 or 
Fig. 10 or Fig. 11 of the accompanying 
drawings. 

L. A. lRANGMAR, B.Sc., C.P.A., 
Agent for the Applicants. 

Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1969. 
Published at The Patent Office, 25 Southampton Buildings, London, W.C.2, 

from which copies may be obtained. 
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tors and the photoconductor could be part 
of the same crystal. This cdilld be done 
on a silicon wafer. monolithic type of con­
struction. or on a thin film deposited type 

S. A control apparatus as claimed in 
60 
~-' 

claim 3 or claim 4 in which the further ~i :; 

5 of construction. both of which are well 
known in the art. 

In addition to being useful on a photo­
graphic camera, this exposure control would 
be suitable for use on a television camera 

10 such as a vidicon, image orthicon. or icono­
scope. In fact. this control would be us~ 
ful in any application where a movable 
object is controlled in response to the 
amount of light, such as an application 

15 where a -rheostat is varied in response to 
ambient light. 

The foregoing examples are merely illus­
trative and are not meant to be limiting. 
Other applications of the invention will be 

20 readily apparent to one skilled in the art. 
The invention is therefore to be limited 
only by the appended claims. 

means for producing a magnetic :field com-
prises a permanent magnet. 

6. A control · apparatus as claimed in 
claim 5 b.!_JY..b.Jch the permanent magnet 
is rotatable. and' the oppositely poled ooils 65 
are mounted on a stator. 

7. A control apparatus as claimed in 
claim 2, 3, 4 or 5 in which the further 
means for producing a magnetic field com-
prises an electromagnet. 70 

8. A control apparatus as claimed in 
claim 3 or any claim appendant thereto 
wherein the niuitivibrator comprises two 
transistors. and wherein the photoelectric 
device ·is a phcitoresistance, and varies the 75 
"on" time of one of the transistors. . 

9. A control apparatus .in accordance 
with claim 3 or any claim appendant there­
to in which the aperture regulating memb~ · 
is arranged so that movement thereof var~· 80 
ies both the ~:xposure light and the light 

WHAT WE CLAilv.l IS:- to the photoelectric element sfutjlarly. 
1. An exposure control apparatus of 10. A control apparatus as claimed in 

25 the type having an exposure aperture regu- claim 8 or claims 8 and 9 wherein the 
lator controlled by a photoelectric device, tnui.sistors have their emitters connected 85 
comprising a source of cyclical current together to one side of a voltage source. 
pulses, an electro-mechanical transducer for and their collectors are connected to the 
actuating the regulator means for passing . respective outputs. . 

30 the current pulses through the transducer 11. A control apparatus as claimed in 
to provide vibration of the regulator about claim 8, claim's 8 and 9 or claim 10 where- 90 
a mean position, the photoelectric device in the two · coils have a common terminal 
being arranged to control the energy con- connected to the other side of the source. 
tent of one polarity of the current pulses and wherein the photoelectric device has at 

35 to determine the mean position. least tWo terminals~ one of the terminals 
2. A control apparatus as claimed in being connec~ed to the other side of the 95 

Oaim 1 wherein the source of cyclical cm- source, and another of the terminals being 
rent pulses is a multivibrator having two connected to' the base of one of the tran­
outputs, and the electro-mechanical trans- sistors. 

40 cJucer comprises two oppositely poled coils 12. A control apparatus as claimed in 
and a further means for producing a mag- claim 1 wherein the source of cyclical cur- 100 
netic· field, each of the outputs being· con- r~t pulses is a Schmitt trigger and the 
nected to a respective coil. electro-mechanical transducer is a single 

3. A control apparatus as claimed in coil element which is reversible in that 
45 Claim 2 wherein the aperture regulating it can respond in a direction dependant 

member also controls the light reaching upon the direction of current flow. 105 
the photoelectric device, and wberem th~ · 13. A control apparatus of the type 
photoelectric device controls the energy having a movable means controlled by a 
content of the pulses coming from one of photbelectri¢ device. substantially as here-

50 the outputs, so that the movable means mbefore de5cribed with reference to and 
will tend to assume a position wherein the as illustrated in Fig. 1; or Fig. 1 as modi- 110 
light reaching the cell has a predetermined fied by Fig.: 2 or Fig. 3 or Fig. 4; or Fig. 5 
value. or Fig. 6 or Fig. 7 or Fig. 8 or Fig. 9 or 

4. A control apparatus as claimed in Fig. 10 or Fig. 11 of the accompanying 
55 claim 3 in which an output of the multi~ drawings. 

vibrator is connected to the input of an 
amplifier which in tum drives one of the 
coils. 

L. A. 1RANGMAR, B.Sc .• C.P.A., 
Agent for the Applicants. 

Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1969. 
Published at The Patent Office. 2S Southampton Buildings, London, W.C.2, 

from which copies may be obtamed. 
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