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PCT/ US98/ $dss FOCUS MECHANI SM FOR VARI FOCAL LENS
The present i nvg?ﬁ ion relates generally to nethods and appBfHVE/i087

changi ng the focus of an optical devicg.to view near or distant objects and
5 nor e partlcul arly to focusing methods and apparatus in a variable

magni fication or vari ggEUSIMESHRANISMEROTOVARIF OB IENS
Vari abl e magnificatiof optical devices are commonpl ace and incl ude

t he wel | - known e

t el escopes armn-gﬁérﬁh%reﬁ %ﬂ?ggéﬁ{}?‘a%fégﬁ%gg%ﬁéc@sg?@&g?ﬁ?m&{t| nuousl y
10 vari abtfearmfgg e foals@f ahypticaldevios te elew heamargtistant abjects amdl

acconpanyi ng decrease in the field of viewis char acterl stic of such

vari abfe rmgfﬁ padieufagly to focusipg mathodsapd appeiatus ina vayiablens nove an
interior | optical axis of the optical
device to @ﬁgﬂﬁaﬁﬁﬁﬁ?{ﬁ%’%mw@aﬁt&%ﬁé Ferent Iens such as the

obj ective | ens aristemagsifitatinn optidat devicesvre domorplady and iIrthade ve to the
remai ni ng optlcal conponents to focus the device. Thus, separate

mechani calthewalbkaounsamesadzoan” lenssysign andyasgblecpower rifie conponent s t o

the_syst oS syt eaR, Téd MsPH dRbar Al? Sne%gtinunutifed 2 oom
| ensegy 2Qfanab!e madifiction tFBENAhIiferea8s in maﬁnﬂfdaﬁbﬁ rdeRohidi®ing han

conti nuously vari abl e magni fication is E eferred for sorme

appl i cat i ciecrease in thetfield o view is characteristio mwl&mwgm ficati oﬁ
chonoes gl TRl SRR b e M R g
techni que pmﬁ&z%ﬂ%vmmﬁ@oemw%%% ?é'n’i’ébrﬁfcé’tﬁbﬁ v@ﬁ!e th i cal

system typically a pair of con (converging) | enses, between, for
exanpl e, tdﬁemméera suqh)m thamb;ecme bnmdmeyepmedamsyﬁgmemv&dacum ng of

the s st be a aX| al ..novenent of er-.th ective | ens
or 15 @3%?34 Wﬁg Rt W&QW%F% %99” gﬁY‘P% system

The ﬁg@ t@ﬁﬁ f §@§a s called a
variator, 3 'a m)ved et \5\%%%9{’V\x) é&iédt@mé@ Ffeovvs

| screte pOSItIOI’]S a cu3|ng to
be components to accomplish the two functions of changing magnification and

focusing the system. These systems are known as mechanically
compensated zoom lenses.

20 Variable magnification in discrete steps rather than continuously
variable magnification is preferred for some applications. One technique for
achieving such discrete magnification changes is to physically remove certain
of the intermediate optical components from the optical train and substitute
others. Another technique is to simply move an intermediate portion of the

25  optical system, typically a pair of convex (converging) lenses, between, for
example, two discrete positions. As in the continuous systems, focusing of
the system may be achieved by axial movement of either the objective lens or
of the eyepiece relative to the remainder of the optical system. The
technique where an intermediate pair of lenses, sometimes called a variator,

30 are moved between two discrete positions allows focusing to be
accomplished by moving the same optical components, the variator, as were
moved to change the field of view. Moving the same optical components to
change magnffication and to focus the system is highly desirable as it



acconpl i shed by noving the same optical conmponents, the variator, as were
noved to change the field of view. Myving the sane optical conponents to
change nmagwdrdssstszon and to focus the systemis highly desipeahiss/agsd t

2 el i m natE%s BEL [—conponents and economi zes on space
requi renents. 614 an vAdesirabl e aspect. The direction
in which the varia 5 ved to change focus from a distant
obj ect to a cligisatesynechanip@icomponants snd esagemizesan ‘éﬁﬁmw@mﬁﬂﬁ;m te

a ai stant objriebelt Herb € ek UpBbRboGHberr, THE MR WFCAIT AR, o

node. Thi s | G@¥afionedte chargs fodustiom endisant oape&tmctaser oE{é& Whén 202 A
di scl oses a variable focus device that noves an optical ment to

change mangi fiftaeipagaifigatiormede is opposite the direqtionds whichbthe varigloomugt a

and Tocuss chievanad ERANGS tortsyaHl  dlgrent obBcE D & 4RRSERpieRt PRER e

whi | e avoi di Qﬁhéhﬁzaghmlaﬁah fodee VIS Mlchitym fqto usefPHt thel optichPSjsten.
The present invention provides solutions to the above problens

y
provi di ng a vari abt is desisable toegprovide & apinpetidiserele zopmiapdicabisystew inncl udi ng

Gevice o b0 EANGRS I MeBRmdioR e shed %ﬁeﬁ%@@ﬁ%@/ﬁﬁvgzﬁa&%@&g?

devi ce tHBS8hid Gﬁidwd? BoPEASAts Whife %tﬂlﬁg'thé 'p?@@ﬁn bfredbsed TN | €
al ong the axis hin each of the two distinct regions to vary the

focus of 1¢ he mmgmmn n t he correspondi ng magni ficati on node.

There is one operator cont for 20 ro s, Vin this optical el ement

bet ween the first ESE0 @V%%?rbﬁgwf ﬁ“g‘g%%@ 8’ fication

mode to anot 6vr69§; é‘véﬁﬁ&@ Agraficitin variab bleF8844 Bbtzéé?rde'v%r Bﬁ? +]ty .
I'n each region

varyi ng the I al sition hlsof ca el enent
to focus the!mstlwmgidmwldn leambwame;)llﬂngihmmmnmcmas oﬁhedeﬁdes second

or focus contr vaple.in one sense to change e focu
E:e?ween d”? regions correspond?ng to htgﬁerganct! Rawer dcevxsce

15 magnification modes. This optical element is alse movable along the axis

within each of the two distinct regions to vary the focus of the device within
the corresponding magnification mode. There is one operator control for
grossly moving this optical element between the first and second regions to
change from one magnification mode to another and a second operator

2¢  control for incrementally varying the axial position of this optical element
within each region to focus the optical device in each magnification mode.
This second or focus control is movable in one sense fo change the focus
from a nearby object to a more distant object in either mode and in the
opposite sense to change the focus from a remote object to a closer object in

25  either mode. The prasent invention comprises a variable magnification,
variable focus optical device of the type having a plurality of optical elements
disposed along a primary optical axis of the device, the optical slements
including at least one optical element movable along the axis between at
jeast two distinct regions, a first region corresponding to a higher optical

36  device magnification mode and a second region corresponding to a lower
optical device magnification mode, and said at least one optical element
mcvabtg_ along the axis within each of the two distinct regions to vary the
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25 froma nearby object to a nore distant object in either node and in the

opposi te sasRskgmchange the focus froma renote object to Fgﬁ@%ﬁfm‘?bj ect
in ei ther node. The present invention conprises a varl

magni fi cation, vari abl e focus opticgl. device of the type having a
plurality of optical elenments di sposed along a primary optical axis

of the devi cqocii¥ef 9 doike MthifPiNeScottbsponginimdgniicati®fflode) thept i cal

el ement novabl e along the axis between at |east two distinct regions,
a first regi dMpEeYeraeplrRMPISRgG: a hi gher optical device magni fi cation

T30S AN A Sevt ce TiEEhatSdETRARI.MhS @ iV Bk Baatons PPUSH! i errent
novabl e slbfeat bBRvafl Saitifirst ahdessdbrief regiths oThhBbisetdctivelyifamg to vary

the focus of the __device within the correspondi ng magni ficati on node,
first opefat ddnegegaifisption mode teRnhen@ndovi ng said at | east one opti cal

| b id fi 5 d_regions to c el ecti
From one magni 11 o SO pEAteh aduatdigl Bt ox SARIAG FaT B aRB U sbily o
means for varatiieas@ﬂ@é%tw Bldn¥ntWithin eachsafdtdhicn ltd RRE5 t@é‘@pﬁﬁt! cal

el ement within each sai'd region to focus the optica evice in each

magni fi cat i ordewickein eathdmagnificdtion magie) sakbsecordoperatos actuatablemeans
novabl e i n one.sense change the, fqcus from a ngarby object..tq.a 10 nore
i stant obj edteIng MenERE Niiesenes taAnaehe Tpas REmpRaIPRRAda s o
change the T Gfibfe diseift pjerfTht EttiicPaid Fedlofis 8RE N 8 Slosi stinsBte Of said
regi ons, characterized 1h that the second operator actdatable neans

i ncl udes changerthe dbctiafotmanremotelobientdd astlaser abjegilie either ohsaidont r ol
knob of the devjce, and further conprising a pair of stop nenbers
engagi ng thr 88y the 15 threaded shaft, and nmeans for converting axi al
notion of either one of said stop nenbers in dependence of the

sel ected magni fication along the t hreaded shaft to increnental
movenment of the atFigemst inasideptievalioreienepértly in cradsesegtivhef @ periscppizpt i cal

axis, the threaded shaft having a right hand thread . along a portion of
the | englth t H¥iCSE deviga gehigr wide Halsuprvigworaraiphiiepisating the present

invention in one form;
Figure 2 is a view in cross-section along lines 2-2 of Figure 1;
Figure 3 is a bottom view of the device of Figures 1 and 2,
~ Figure 4 is a view similar to Figure 2, but #llustrating the device in the
20 narrow field of view configuration and focused at maximum distance;
Figure 5 is a view similar to Figures 2 and 4, but illustrating the device
in the narrow field of view configuration and focused at a midrange distance;
Figures 6a-6¢ are simplified sequential illustrations of the coupling
between the magnificationffocus control arm and the variator position shaft
25  shifting from the wide field of view to the narrow field of view; and
Figure 7 is a graphical illustration of the interrelationship between
movable lens position and distance at which the device of Figures 1-5 is
focused. _
Corresponding reference characters indicate corresponding parts
36 throughout the several views of the drawings.
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20 and a left hand thread al ong another portion of the |ength thereof

engagi ng threadedly the other stop nenber. Figure 1 is a
si de el eva¥P@h/s§8%w partly in cross-section of a periscopi ecrusssiioepti cal
device set for wide field of view operation illustrating the present

I nvention in one form 25 Fi gure 2%ts a view in cross-section al ong

lines 2-2 of Figure l: . . . Figure 3 is a _hottomvie f the device

of Figures 1 and Jn Fjligure. 1, incoming; light from ?S'%Wi%@i'%ﬂ%ﬁ%ﬂoﬁﬁlﬁ e 2, but
i1 lTustrating érﬂﬁqugh ticdl ddifice 10. Th%%fdrg\ﬁaééé‘é @r&‘igﬂé%nﬁé\ﬂﬁ' Cahds on and
focused at maxi num di stance; igure IsTa view simlar to

Fi gures 2 andeflectadtby & mistr &5 dognaed!y éhviough 20series affienses betterfsesidnof

i fi ti f d at i d i X
X:\,E\,QVDE([))“ S:_gér :g!lnpenza%e h%%%' ggsseas th?ou@h arzr? ggie n'fé }eer‘:récﬁ, through a ggig of

Figures Ga- 6%&5&‘% $6 3Rbid4 ?ﬂd?ﬁ%ﬂg%’bg?h ithe) lé?x%éé?‘ﬁ% 24, ‘rhg 1agup! I ng

bet ween t'he nagniticati onffocus contr arm an e varlator position shaft
shifting froméftionsidienteshiydie coresidéredidns'eyepinoe’’ and itk ighteminatingd
Figure 7 is a rarphi cal illustration_of the interrel atigashi bet ween 5
nmovabl e | ens %&ﬁﬁ%ﬁ‘é‘ﬁ‘@ﬂﬁ&%ﬂygiemgﬁm% brpraiected optga seteen.s | s

e ng SRR RIS La0T OB S
infrared range of the spectrum and the light eminating from lens 25 is nat

10 further vieweable and must be further processed by structure jocated beneath
that shown before a viewable image of the object is available.

The pair of lenses 18 and 21 ars mounted in a sleeve 27 which is
reciprocable along the principal optical axis 29 of the device. This lens pairis
grossly movabile to function as a zoom lens or variator to change the

15  magnification (hence also the field of view) of the device. Figure 2 shows the
variator in an upper position for a wide field of view and low magnification.
Figures 4 and 5 show the variator in a lower position for greater magnification
and a more narrow field of view. The lens pair 19, 21 is also finely movable
to selectively focus the optical device on close or on more distant objects.

20  Figure 4 shows the variator in a location where the device is focused at
maximum distance. This variator location is identified as 30 in Figure 7 while
the maximum focus distance is indicated at 38. Figure 5§ shows the variator
moved upwardly somewhat to a midrange location 34 of Figure 7 to focus the
device on a closer object.

25 It would be possible to provide an operator actuatable direct drive for
the sleeve 27 and its variator lens pair 19, 21, for example, by a simple rack
and pinion drive, so that an operator could rotate a controt knob to move
sleave 27 along the axis 28. Such an arrangement has several significant
drawbacks as best understood by reference to Figure 7.

30 In Figure 7, the curve 26 illusirates the relationship between variator or
movable lens position and the distance at which the optical device is focused

when in the narrow field of view configuration. The curve 28 illustrates the



-4- In Figure 1, incomng light froma distant obj ect IS

I 1lustrat eq,ggﬁ arrow 11 in optical device 10. This Ii asses
t hrough a ow 13 and is reflected by a mirror 15 /dP 7
through a series of |enses better seen ing_ Figure 2. The |ight passes
t hrough an objective lens 17, through a pair of 5 | enses 19 and 21, and
finallythro es my
be consi dere Qnm’épl ec xﬁﬁﬁﬁ%&’%ﬁ q%%ieémﬂa?gtposmon Mﬁﬁ?er%ﬂ%@coul d
form a di r ecwhichihevedtionl devige is tucusedjmrem mlat\mdaﬁscrt efview or
otherw se . utilized. In the preferred f t he device operates in the

i nfrared ran&@n%*ifﬁﬁeﬂsm%'gmﬁ Wﬁ%@’ﬂ Aowes Wa‘t’?rﬁ%"“fﬂfa@?ﬁ‘éw 25 is not

10 of U KogheRl S i of e e B psasiicl e el Lot o

avail abl . clockwise movefﬁbﬁt phihe cntiob kaeb, dr%rm@ {Ra fomes fmmru mOren a
sl eeve 27 which is reci procabl e al ong the principal optical axis 29

of the devi c8istanijebjectiewed a C?@er cbjecty ViiRen {heywarialpeisp the HBPROAM as a

zoom | ens or | so the field
of view) of H@é ﬁ%@o fe‘}I &5%%&@% hgﬁar'ldsrrﬁg?%ﬂ@nﬁ G?ai/éa%haéq n rgn upper
position for carakgendingtd cmckmsé/ma@&nbammmdnmmw changes the tadues 4
and 5 show the variator in a | ower position for greater nagnification

and a nore nfrermoaclassr gbisict ioward amere digtaptobieglo Theextrerae iawamast y

0 et ant Bo; cxplitolHosfiphyf) oSt 5 18 TR it REus Bnd HoF Bxflmer . "L he
device is fogg g@ﬁn@éﬁ variator ;rmmmz éisﬁmpoﬁﬂs&owé irsPHistaItdbb) | S

identified as n Figure 7 he maxi num focus di stance is

i ndi cat ed at TB8s, thegiensedn mmer@ntmi |karpbr:s moved ahanges wiwarehangingrewhat

obj act . 25 Betwieh with i Remondteld of veby Saiciratng, assand My Tieitiafp o

direct drlveﬁ{,g{,atm and%ﬁfﬁ,ﬂfﬁﬂhg?usygd its variator lens pair 19, 21, for
exanpl e, by a sinpl e rack and pinion drive, so that an operator could

rotate ascontrol Whetei m regien identified|ascunusablel’ Mty:h isdntexmedizge tiBuch an
arrangement ng?m\syea\a’necf wide 14" ela 'off w%%‘vanator positions in which the optical device is
inoperative. With the suggested rack and pinion drive, significant control
knob rotation would be required to drive the variator through this region when
{ransitioning from one field of view region {o the other. During this transition,
20 there would be a significant time period during which no view would be
available. Further, the focus distance previously set for one of the fields of
view would be lost when transitioning from one field of view region to the
other.
Referring now primarily to Figures 2 and 3, these drawbacks are
25  eliminated in the present invention by providing an operator rotatable
focusing knob 31 and affixed focus shaft 33 suitably supported by bearings
such as bushing 35 for rotation about shaft axis 75. Shaft 33 threadedly
engages a pair of disk-shaped focus ring stops 37 and 39. A pair of focus
ring stop coll springs 41 and 43 urge the focus ring stops 37 and 39 away
30 from one anocther to effectively eliminate any backlash movement of stops 37
and 39 axially along the shaft 33 which might otherwise be allowed by

tolerances between the interior stop threads and the shaft threads. Coil



dr awbacks as best understood by reference to Figure 7. 30 In Figure

7, the curve 26 illustrates the rel ationship between variator or

novabl e | eN& 9988521 on and t he di stance at which the opticabcggibfiis

f ocused : when in the narrow field of view configuration. The curve 28
Il lustrates - the rel ati onsh’i‘b‘ bet ween vari ator or novable |ens
p05| tion and the di sta‘ig"ai whi ch the o‘{o devi ce i s focused when
in the wide fPEnEs 4 eep foQusing,StoRs i34 2 H‘Pﬂ"é’t“?%ﬂf-‘&f‘ﬁr isin the

| over or nar rawafihe! A1 fsva'rxeaggarsra semaggbsgeeegm@%aﬁ%m f the

vari at or correspondi ng, W se novenent of the

control knob sufficiergdsctidreal coupling beﬁwmnrtbem that thdlmgamtateb méthttheowar d a
cl oser objec n the variator_is ip the uppe wi de field of

vi ew positi oﬁha}[f\h nERREIRiNG its aNal 9%’4‘% S’Psp‘é%ﬁh?ft rotation.c or r espondi ng

to cl ock se mverﬁg}]m f 5'?%% Qﬁ'tsfn froma
cl oser Obj ect to agnrgfriéﬁdgzgﬂgér#as%&g?? e Sx remne owerﬁuncsqtql

vari at or posigrévent36tationrof Stop8s mntthe shiait i32ds sbimted.f Henss,aothtidmeofext r ene
uppernost variator position 32 also corresponds to the npst. distant focus.

Thus, the seSS8MtIP AW CAUBSLSIOBNS & mRYR Back and i aleadgbe tireads @angi ng
bet ween w desﬁgﬁ 3X% BlYéf q::n?:&!éﬂ %ﬁ%f%%b&ﬁw@oﬁ%#&oﬂ@b?h I s
S e user

nost frustrating an here’is a

regi on i dent idverdrasm'481URolbe45 ahd pin £3 ara phvotably stppbried by blockdff fopw and
wi de field of view variator positions in which the optical device is

i noper atiove. mgvemant betweer Siepositiens bemf:@#f@h?lw thesg shewadit contr ol

anen o OGR4 i e B SRR AU PRI R5 R, T g

this transitigeno t@mhﬁw@m& dshef ssmarnfrxwﬂferém@swamsm@uwng whi ch
no view woul d be avai l able. Further, the focus distance previously set

for one of tM&eh slidablysupports connedtiog rad 68. | The rosfghhes arballanshwhight r om
one field of e\ﬁggg’eé g%e%ﬂett 1 En?he vanat?:} aféeve 27. Thus, rotation of shaft 55

15 causes vertical motion of the sleeve 27 and its variator lenses 18 and 21

along the primary optical axis of the devicea.

There is an operator actuable control lever 73 (see Figure 3) fastened
to shaft 55 which may be moved to change the device betwsen its wide and
narrow field of view states. The operator actuatable lever 79 is used to vary

20 the angle of the mirror 15 somewhat and forms no part of the present
invention. Rotation of the control lever 73 about control shaft axis 77 also
moves the block 47, thus moving the pin 53, roller 45, and focus control over
center mechanism will throw the block 47, pin 83, and roller 45 between the
wide field of view position shown in Figure 2 and the narrow field of view

25 position shown in Figures 4 and § as best understood by reference to Figures
B8a-6¢. Once the motion of lever 73 is past center axis 77, the roller 45 will
automatically hit stop 37 or 39. Shaft 55 is fixed in the frame of the optical
device for rotation about its central axis 77. Focus control or lever arm 48 is
fixed in the device to pivot about pin §1. 'To transition from the wide to narrow

30  field of view condition, the operator actuates lever 73 to rotate shaft 55
clockwise as seen in Figures 6a-6¢. The shaft 55 has an offset lever arm 59
pivotably coupled at 61 to a linkage 63. A pin 65 near the end of linkage 63



Referring now primarily to Figures 2 and 3, these drawbacks are 25

el i m nat edywdnsgdidagesPr esent invention by providing an operat o% ,Qg% §€z
focusi ng knob 31 and affixed focus shaft 33 suitably suppor % @ Ari ngs

such as bushing 35 for rotation about shafft axis 75. Shaft 33 threadedly
engages a pair of disk-shaped focus ring stops 37 and 39. A pair of focus

ring stop coidngayessiofin Redr 48, wWile chhtndad riftation) pis BOigrateg WIthY avay
30 fromone another to effectively elimnate any backl ash novenent of

st ops 37 theglet agul pipi &3 sipilariy miorates witin astuess therther epdiefioyee be
al loved by 47 25 G8LK"IA Pifite 28 EENird Y 4BERIE8 rotioR léﬁse@%ewe shaft

t hreads. Coil

springs 41 anfbld4ef I@Wpészﬁm of Fitfliré 6P THy tramsiticiPfrom PeFigL 64l pbsition
vi bration. Also, so long as a stop engages only the shaft 33, there is

sufficiend frpdbatefdFigui®h cag o9l SprogETwhilathe trangsition foas wit h

rotation. 5 e FIUEE kedibRiF i S eidis R AT bh bR AL

sufficient fr'mss ﬁ&bb@mroahandzé@mverr?gtausﬁﬂ:caftskéwgg%ywmwhénshaft 33
is rotat ed. Hence rotation of shaft 33 now causeés stop 39 to nove

back and f or tflippingketveen the diiesentifields of viewsmd ame thel Figurei8b pesiiongs ed by
pin 53 to th contrn Iev el arm49. Roller 45
and pin 53 a?@%t@%%agd%b'&? "Z{?“ﬁf&ﬁ%gﬁg‘-ﬁ?@ M hovenent between the
posi ti onf shown i nrrd SeHge of tABdhidaRRe ;ﬁ@é@agbment behﬁéﬂ’s"sﬁ:?:ﬁ?éﬁé 5. The

arm49 is coupled by the |Iinkage shown 1 n Figures 6a- to the
control shaf tshef 3% tanidbatwebnstep 88 and shaft 33, @re appppme t Fbt emam stop

T ! a0l ST RIS e b Sorl e B A 5 1"
J5 causes, Wil e LA SR80 1 Nt setd e MBREE 0 200
i s an oper at drigaret Lwtill moverstopBS teward E3hedeft ifFF ipure 23ausingg lenends {o
15 pivot about pin 51 in a clockwise sense. Shaft 55 rotates because block 47
rotates shaft 55. Shaft 55 rotates counterclockwise and the variator lenses
19 and 21 to move upwardly and change the wide field of view focus from
close toward more distant. Rotation of knob 31 in a clockwise sense as
viewsd in Figure 1 will move stop 37 toward to the right in Figures 4 and 5
20  causing the variator lenses 19 and 21 to move downwardly and change the
narrow field of view focus from close toward more distant. Thus, in either
setting, clockwise knob rotation corresponds to changing from close to more
distant focus and counterclockwise knob rotation corresponds {o changing
from more distant toward a closer focus.
25 In summary, the invention has a number of advaniages over known
prior variable field of view focus techniques. The same set of lenses are
moved to accomplish changes in magnification and changes in focus. Focus
changes are in the same sense or direction regardless of the field of view
setting. That is, the rotational sense in v}hich knob 31 is moved to change
36 focus from, for example, a nearby object to a more distant object is the same
regardless of the particular magnification mode in which the device is

operating. When a focus distance is set in cne magnification mode and the



to shaft 55 which may be noved to change the device between its w de and
narrow field of view states. The operator actuatable lever 79 is used to
vary 20 twesasggoe of the mirror 15 sonmewhat and forns no peilyseddibe

pr esent invention. Rotation of the control |ever 73 about control
shaft axis 77 al so nmoves the bl ock-&7, thus nmoving the pin 53, roller
45, and focus control over center nechanismw |l throw the block 47,

pin 53, and devicerchengeskindbe othrr magnificalianesetting dhefirst fogup distanesmiss hown

and 5 as. besi oY 50 B tefes Bt i e pohRaheiariths S Rl &
notion of " | ees first magmifisdtioranbae. Selattdd fodusdisianbes afdretiined for each
automatically hit stop 37 or 39. Shaft 55 is fixed in the frame of the

opti cal magnifieticromnode despite changas in mageificetien mede becausede cont r ol

or lever arm i ] .t Vi i . . RN, 51. To
transiti f Pﬁﬂ% ﬁé Oﬁnagé' O{é(@ ﬁ&ﬂ*ﬁ&/%ﬁ% gﬁ%egg r&“é%%@gﬁ %’f gﬁgl t he

oper at or act yséRnsCWRbn fdt bAghGSRbP rolle{45,55 cl ockwi se as seen in
Figures 6a-6¢c. The shaft 55 has an offset |ever arm 59 pi vot abl y
coupled at 61 to a linkage 63. A pin 65 near the end of |inkage 63

-7 - engages a slot in lever 49. Wth continued rotation, pin 65
mgrates within the slot and pin 53 simlarly mgrates within a sl ot
near the other end of |ever 47 as seen in Figure 6b. Continued

cl ockwi se rotation |leads to the narrow field of view position of
Figure 6c. The transition fromthe Figure 6a position 5 to that of Figure
6b conpresses the coil spring 57 while the transition from the Figure
6b position to that of Figure 6¢c is aided by the coil spring 57.

Thus, the control handle or lever 73 acts nuch |like a toggle swtch when
flipping between the different fields of view and once the Figure 6b

position is reached, the shaft is urged toward the Figure 6¢
position. 10 The sense of the threaded interengagenent between stop
37 and shaft 33, and between stop 39 and shaft 33, are opposite. For
exanpl e, stop 37 may be provided with a |l eft hand internal thread

while stop 39 has a right



hand internal thread. Rotation of knob 31 in a clockw se sense as viewed in
Figure 1 ye stop 39 toward to’the left in Figure 2 gaugédafelover 49
to 15 pivot aﬁout pin 51 in a cl ockw aft 55 rotates because

bl ock 4 aft 55. Shaft| B5IS‘HEET élasapuRrt Brcl ockwi se and t he
vari at o@ﬂéﬁs‘&ég&mgﬁlgand 21 to no upwBERlAagERNd ch nge the wide field
of view focus fAQakiable ma@h%ﬁtz&ﬁv‘@éf%&?@f&ug fﬁh@;ﬁltde\ﬁ@&t knob 31 in

a cl ockwi se sense as ewed I n ure nove stop toward to

t he ri giaving Elpguawdfcmmdaﬁe!%men’cs(n&i1r992ﬂh23m)ltﬁsmsédmlengal9 and 21 to
nove down,wardl({/R and change th narrow field of view focus from cl ose
toward msRENYSRtigAl axisngd Gftheéﬁ\'ﬁ@r the optical elaments in¢lédingialdeasiob rotation

Co vl WAL 2L 3P o mys cpulldh ATeabtBlF 200

di st ant diﬂm%%ioﬁéoéﬁfstfr BA- co%%spendm? tb'% tﬁgﬁ&f’ép’ﬁcﬁ géyicgvention has a
nunber of advantages over known ior variable field of view focus

t echni qmgniﬁwtmm@and)a seocosd segion correspomdmgtb adowecoptidal sh changes in
| f t d, f . ¢ch th
sense. o R RRBTHCAIGH AR Srhsah at (e ang PR glement Moablng, That i s,
th t f
ero aanwa{e aﬁgs(ggj Wit géhhkmne%o'cg?@ggeg@%% R e focidsgus from

for exa a near ject to a nore e sane

regar dl ebe dei:!demmmarthe cetresponging irmagiificatiomodedé thelmphovdmeentevi ce i s
operating. Wien a focus distance Is set in one nmagnification node and the
devi ce a%mng'o the other magnification setting, the first focus distance

i's retai e t ocus.di st.gnge set upon
Feturni ng 1 o TEtoBGRISHCBRECKeRs (73, 80! 40) el e S8 <t ances
are ret agastbrieoppiedt Blement iﬁ@%@h'é‘aﬁ’d iy aﬁB%@cQﬁé RidiSné RPEN&Tgd N
magni fi cati on node because the 5 stops 37 or 39 rotate wth the shaft 33,
t her eby seieqivehnirag Qﬂ%mgaﬁl&gtrcn mode tn:motbals andhen not engaged by roller
45. second operator actuatable means (31, 33, 37, 39, 45, 53, 48, 83, 59,

58, 67, 68, 27) for varying axial positioning of said at least one optical element

* within each said region to focus the optical device in each magnification
mode, said second operator actuatable means being movable in one sense to
change the focus from a nearby object to a more distant object in either of

20 said regions and in the opposite sense to change the focus from a remote
object to a closer object in either of said regions.
2. The improvement of Claim 1, wherein the second operator H“lllj mlu I“’u “IL‘ " l“l
actuatable means includes a control knob (31) and a threaded shaft (33)
coupled to the control knob, the threaded shaft having a right hand thread
25 along a portion of the length thereof and a left hand thread along another
portion of the length thereof.
3. The improvement of Claim 1, wherein the second operator
actuatable means includes a control knob (31) and a threaded shaft (33)
coupled to the control knob, the improvement further comprising a pair of stop
30 members (37, 39) engaging threadedly the threaded shaft, and means (45,
53, 48, 63, 59, 55, 67, 69) for converting axial motion of a stop member along
the threaded shaft to incremental movement of the at least one optical
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9- VWHAT IS CLAIMED | S: 1. A variable magnification,

vari abl e focus optical.device of thgstype " having a plurality of
optical eieyessEs: ilmlwgpwmcml N2 ) di sposed al ong a eCT/WR9MAGN2Y opti cal
axis (29) of the devi ceRERLKWEEDPptical elenments including at least 5 one

opti cal edmamnt19( 29) albhl the\vaenAy %ﬂ%é@tﬁétﬁeb@éd@ﬁ@ﬁmlm two

di stinct regions, a flrst regi on correspondi ng to a hi gher optlcal devi ce
magni f i @augmmamddbrma@nsa:pmmn@jitmmngth tmpmfcﬁmgmg thréadegdly opt i cal

de'cemanfcat aid t one mantrmable
o onet B atn FremBe: (A e e i fiead 0k ARHIT Rt LGS vy the
focus, lerfty thitRorBbaghRelliPnERIEGABg atpamany 1 cat i op mode, -
novisig said & Tmahpmwement ofﬁ:;iamr::b,lwl@éxeheme rheanefor ceavertingr st and second

regions to change sel ective rom one magni ficati on npde to anot her,
and sec&gagge sgtestivalyiang %H!il not the Oth?ééﬁép t(nginbeggo psgventgotaligh o83 49, 63,

oot oo 108 entRoed Sor MeptiXiuliPrRsadia diten fitatod. ABhBReGmARARA%, | S5 ONF
each ragmaftirefitichnaREEs migthtos gﬁmnwe@tgsz memb&cilbag ae xigeans bei ng

novabl e in one sense to change the focus from a near by object to a
nmore di sf&me trubpded shaﬁevhzﬁedhe@ﬁh@aatdp neayhbersmainteing atfixed threadegposi te

ense to,chan th. froma re e ect to a closer object in 20
th?sﬁar élh ’gﬁrl éj%’rﬁtgrtg z%% ﬁ?“lq{?é‘t t he seconz operjator |

t uat abl d shaft
act uatabl e %ﬁﬂﬁ?odeﬁ?édd%?%i n%ﬂe@%m?ﬁ%ﬁﬁé%& séﬁgng u%ourt P'e sha

(33) coupled to t contro Vi ce
conpri siavguatable meafs sham:menbers (37, 39) engag| ng thr eadedl y the
t hreaded shaft, and neans (45, 53, 49, 67, 69) for

converting ax?&omm?ﬂ@}?% @7} mepposiiag 819 §hfﬁé3%@%m%ﬁﬁ@r@t‘cﬁ 25

o emeriarens b SEIG SRR E Db RRALERE, crent (100 21) Al ong the
prigary opti Csﬂbommm chiteolishafa8sy; a&hﬁ!kd(f@ﬁl)miféwmﬁmﬁw &b8lKa hand thread

al ong gortlon of the Iength t her eof agi ng threadedly one stop
nenber (cmﬁrois aft axisd 74)) eecemmandsuphosthiogk (ﬁ?@ ﬁdtt!héﬂdrmiﬁtabiﬂ of the

length (gl 8 cSRRALRAR; and
a comimon connecting (68} rod slidably supported by the support block

and pivotably engaging the sleeve, whereby common control shaft rotation
20  causes sleesve motion along the primary optical axis.

6. The improvement of Claim 5, wherein the first operator actuatable
means includes an operator accessible control lever (73) coupled to the
control shaft to allow direct operator rotation of the control shaft {55) and
085 movament of the slecve. A

25 7. The improvement of Claim 8, wherein the second operator
actuatable means includes a control knob (31), a threaded shaft (33) coupled
to the control knob and operator rotatable about a threaded shaft axis (75), a
pair of stop members (37, 39) engaging threadedly the threaded shaft, and
means (45, 53, 49, 63, 59, 55, 67, 69) for converting axial motion of a stop

30 member along the threaded shaft {o rotational movement of the confrol shaft
about the control shaft axis, the threaded shaft having a right hand thread
along a portion of the length thereof engaging threadedly one stop member
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30 threadedly the other stop nenber (37). 2. The
i nprovenent of aim1l, wherein thelieans for converting Sﬂﬂ es
sel ectiv@fci/%(ﬁ?ggout not the other stop nmenber to prevent ?8’{’55& 0 f

t he engaged stop nenber with threaded shaft rotation, whereby threaded

shaft rande lef hangubeeadpigngtanmher pertiensi g lenoth tierashenrgadingng the axis
5 of tLhteaded.,.s i he other stop nenber naintains a fixed
threadehﬂsadedlgﬁg?teﬂ%}?%{’?%‘gswzm despite threaded shaft rotation.

3. The i nprogenmi inddrobbiieht &f Wmﬁéﬂr@mﬂ@heaﬂgfmﬂﬁgﬂ at or

act uat abl e nmeans share: a comon sl eeve (27) supporting the at
| east oragagesbelectyely one iad nodtheotheratep marsiban(76) praventratatiory t he
primary tical axjs,; . a.co n cqntrol . shaft 5) journalled
for i é@?%%ﬁd}ﬁm&ﬂﬂﬁm%f with S%PE%FPO% yarely, fhreggeq ,gﬁaf)[commn suppor t
bl ock ihi I ! neg and
a coméﬁgtégéh@#ér% @%ﬁ%g@% é(j]a?oq%?ds%% @%@geﬁgﬁbﬁgh{g?ﬂ%&??dbl ock 15

and pi vehaftlaxiscwbilg thegothee skipemenbarmairipins arfived thrssded shalfiediialr ot at i on
causes sleeve notion along the primary optical axis. 4. The

i mpr ov e fanRtioprdagpiethieadgiahafirolaion.i rst operator actu ns
i ncl udes an operator accessible control |ever (73) Coupagmgumgﬂﬂmmjﬁy
control shaft to allow direct operator rotation of the c (0]l i )
and 20 gross novenent of the sl eeve.
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