ZOOW SYSTEM FI ELD OF THE INVENTICN * The inventiomrelates to an |nproved
i ifra-red zoom system havi ng a continbous w de range of nagnlflcatlons and
whi ch provi des. per- formance cl 05604 O gl bEfact i on liymi t ~over *the ehtire
range of mag- nification providifg=lSe—ar=efficient’ tenperature :
conpensat i ddteh i e M@Qﬂ_ﬂ&b range of tenperatures The system is of

sinple conistruction, conprising a total even | ens t.hese bei ng
arranged | M dexeulion sgiates LpeMy WPERNEY ﬁ” éeifz‘\ﬂ'h WqﬁWe'%vgb? e,
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certain | enses iscrete axial novenent. This

prOV|des on?va E{?lt v d%ﬁag@% ége[%%ﬁﬁﬁgnﬁP nagnification Such desi gns
are compar aﬂze\F%gXLe?d ol & sﬁ‘ﬂﬂniféﬁxfﬁ&%&%ﬁ" 8k b:sfs%gb%' ftofaoﬁ%ses have

tenperature stens base nse¥tion. an rermv

to ful fill smncrié.ts%rsl ainds@ LEANE afPaRBBANAISE cbBBRNUEY Ot alChInst §Rodis',-
fraction limt for all fields, while resorting to the use of a m ni num of
inserted anghreeyashient1@anoedtAENLiIsede@catRe a0é Siear n pegiticanemd for
optical transmttance. Resulting systens are generally based on a certain
conprom se, apraviidvingabbstdistauld sesmdgtivereahnathheow fiel d of view and
prow di ng a small nunber of |enses for mnde flelds but with |l ess stringent
qual i ty reqBNCKSROVNLS .OF TIHE IvLnrion:

Zooms for use in the I R range are required for both civilian and
mi]itéry uses. The required range varies, but is generally in the 3.

to 12 micron range, wilh some zooms being designed for only part of

this range. In most of existing IR lens systems the change of magnific-
ation is effecled by insertion and removal of certaiﬁ lenses or lens
systems or their discrele axial movement. This provides only ability-
for discrete changé of magnification. Such des%gns are comparatively
simple, and they operdte satisfaclorily at a given temperature.

- The systems based on the inserlion and removal of lenses have to

fulfill two criteria: Lo have an adequate resolution near the dif-
fraction limit for all fields, while resorting to the use of a minimum
of inserted-and‘remoﬁed optical elements because of severe requirement
for optical transmittance. Resulting systems are generally based on a
éertain compromise, providing best results only for a narrow field of
view and providing a small number of lenses for wide fields but with

less stringent qualily requirements..



-

Recently, several 1R zoom tel €scopes using two sinul- taneously noving
groups of. | enses have been devel oped. Thernmal conpensation 1is achieved in -
sonme of these zoomtel escopes 2§ an ,addiliual novenent of at |east’ one'of
the groups. In other telescopes the tenperature effects are conpensated

for by ”aﬂ‘é%'enftqws st'vJe\?al“ll]R%&ﬁ'(‘Qlé&%EEE] SYRLCThoS Wik - -

Fromrelative 1o erformance for gni |cat|on range. The reasan

I '%n%'ofm' AR wldv i iy | JROPFS. bJ;P i@bSl?!@“ﬁSth%eé?P@ev%q dgation while

preserving -t he | ens” groups are being noved. "This sitdation becones

worse whery enr a&%hﬁmvﬁtﬁén Rélmem#%mﬁ et B fiRkeagddeen | ndex of e

causes a sharp reak 1 n the aberration | ance which in turn gives vise to

a deteri Olﬁés_eah@g‘ bS'h&‘n ZQ07L Rl OovieRt ofNaL PTRSENdnd BY etlid gRolssvi ded a
zoom system w t h optical performance and with full. automatic

. conpensat gy ek thaeg@cﬁ;e@f u@@tUeﬁa TraUPPUOFRE LS FeVEdupensstangor of
t enper at ures. | NVENTI ON The invention relates to a

_ zoon1systgynmﬁmau5ﬁnhg @h@ IR |n the range of fromabout 3 P to about 12
. Simlar systens can be built according to the invention for use in a )

narrower l\BT\QQ@iuigamlmgtﬁhﬁsteTbesuTwel rmom‘m;lﬁt:emwspémﬁurmame forhe -

civilian and in the mlitary applicatidns and is characterkzed Qy a good
MIE perf oalificel #iygnifiigal Bat rpedg- an@'ée geason for this is simp It is

impossible Lo change the zoom magnification whil.e preserving tLhe

resolutign and a rocdlity when only 2 lens groups are being moved.

v/

This situalion becomes worse when temperaluré varies. Rapid change
.of the refraction index of Ge causes a sharp'bréak in the aberration
balance which in Lurn gives vise to a deterioration of the zoom
performance.

The presenl invention provided a zoom system'with high optical
performance and with full automatic compensation for changes of

optical properties with a change of temperatures.



‘maghi fications. (which is as high as 1:16), irrespective of t'errperaturer
changes in a predeterm ned range of tenperatures. Good resolution over a

wi de range ‘of magnifications and over a w de range of tenmper- - atures is
of paramount inportance for military applications, *-The novel conparatively
simpl e zoom system of only seven |lenses in -- f| ve optical elenents

makes possible a continuous range of magnifications (about 0.5 to 8 tines)
providing high performance close to the diffrac- tion limt and this is
mdependent on tenperature changes. --Thé novel 1R zoom systemis
charagterized in that three optical elements |enses or |ens groups (two of
whi ch conprise two | enses each) are nmoved in a predeternined manner
respective two stationary optical elenents. The optical elements are noved
according to asgmimt 6f i d&d IWegieg Wwhich choses the |ocation of these

el enents taki ng tnto consToeratt ot he reqw red magni fication, changes of

t enperat ure andheé efivieh erbif PE1HLe3CEO T YBbiM Qystem FOP d¥ hﬁvwégmetm' k¢ range of
description is by way of .illustration only and it is clear that the

det ai | ed par anfren sbaue 3 |u| ussd: raebuvazonl Y. Simitar §¥Fs3ehs RenObe %ITUFaccordmg
PREFERRED EMBCDI MENT: The. foll ow ng description illustrates certain

specific enboditaethes iofenttionpfersese imaemtrironer aadgé o ft waved eagtisi.dEhedoval
conjunction with the encl osed schematic Fiqures, which are not according to
scal e and in wiPeh systewy is for use bn Jdmembilian ‘agil gin hewili taex @pphicadfdas

zoom of the in- vyention, with (ggs la, Iband I¢c illustrating arrangenment
wi th magni fi ca®ns® aeaej;}emge yaﬁd”@“é‘)(": P?‘Efo‘"'"ane p¥er, theaentire range of

repwent ati Onm%ﬁﬂ%ag | Cu'(\%'tc(?\ QQSa{st lhigr;h ng), 1rr'espectwe of temperature

changes in a predetermined range of temperatures. Good resolution

over a wide range of magnifications and over a wide range of temper- —

atures is of paramount importance for military applications, b

The novel comparativeiy sfmp]e zoom system-of on]y seven Tenses in -
five optlcal ‘elements makes possible a cont1nuous range of magn1f1cat10ns
(about 0.5 to 8 t1mes) prov1d1ng h1gh performance close to the diffrac-
tion 1imit and this is 1ndependent on temperature changes.

The novel IR zoom system.is characterized in tﬁat three optical elements
lenses or lens groups (two of which comprise two lenses each) are moved

in a predetermlned manner respectlve two stat1onary optical elements.

The optical elements are moved according to. a computerized program which

choses the location of these elements taking into consideration the required
' magnlflcatlon, changes of tanperature and requlred focus accommodation. ”
The following detailed description is by way of illustration only and

it is clear that the detailed parameters are illustrative only.



nmovabl e | ens el enent B as funetdon of magnification and tenper- ature ;
Fig. 3 Is a simlar spatial representation of lens C, Fig. 4 Is a
simlar representation of lens F (collimator); Fig. 5 to 10 are graphtcal
representations, each containing four graphs, where Fig, 5 Figure [err]’
presents .data of performance of a zoom device of the invention for

equi vAESGRIFIAONI Of AHEtRREPERREDOEUBOUINERT 2 nagni fi cati on of the zoom
telescope and detector_ lens EFL of 24 [err] curve with a terlsks re resents
‘usual Thegfio Vewdng ddeser intigni HJus bradssi eentadpsinesifig-eyb o imengs of [ ] grves
t hese data for an equrvalent focal distance of 127 err é; cClwive
Wi th aB“tQ{'ﬁl‘Sk%Wﬁ%bW@se@ﬂ dsukd beeepnstdaesst §“t??'@5ﬂ‘% fopgi Gﬁ?l cal _systens;

Fi g. S these data for gn EFL,.of "Fi

s Flo. dnglfed shews i Eioungt s whieh reche € Geoam iy, & r+§ S SLIEVANNAS
these. data for an EFL of 26.6 [err] (1.1x), and Fig, 10 Fig. 10a

glves ?“ e*data for an EFL of 13 [err] (0.54x). . An infra-red zoom

tel escpp& ageorgdl Qgs(,thgm&ﬁ%a'l né’%tll%h qg”?édtci%ﬁ bf a zoom of the in-

vention, w1th Flgs la, 1b and 1c 111ustrat1ng arrangement -

with magnlflcallons of 7.5%, 3.9x and 0.5x;

Fig. 2 s a suatlal representat1on of the calculated position of the

| movable lens element B as funct1on of magn1f1catlon and temper- W,
ature o

Fig. 3 is a similar ;patial.representation of Iens Cs

Fig. 4 isa simijar representation of lens F (collimator);

Fig. 5.to 10 aré grépﬁical representations, each containing four
graphs, where.

F}quresﬁapresents data of berformance of a zoom device of

the invention for equivalent focal length of 180 mm (7.5 x

magnification of the ngm télescope and detector lens EFL

'6f 24 nm); |

curve with asterisks represents usual requirenents to : o/

existing IR optical syStems.
Fig. 63 yives these data for an equivalent focal distance of 127 nm

(5.3 x ); curve with asterisks represent-usual requirements

to existing IR optical systems;

Fig, 7 -
Fig. 7a gives these dala for an EFL of 94 mm (3.9 x)s

Fi . 8 . . ' . - -
Fig. 83 yives these data for an EFL of 51.5 mm (2.2x);

1 . g

Fig. 93 gives these dala for an EFL of 26.6 mm (1.1x), and

Fig, 10

Fig. 103 gives these data for an EFL of 13-mm (0.54x).
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system providing a hi gh peformance over a wide range of 'magnifi‘c- ati Sns
(front about 0.5 to about 8 tines),.wLh a correction for tem perature
changes in-the -35 Cto 55 C range, conprising five optical groups-of a
total of seven | enses (groups ternmed herein A toE )., which are arranged in
the sequence of M T "PF%"’r‘ifZB?‘hdieé?s‘ioé’ﬁsa?FPrﬂbgq ttPV'@zepdﬂé‘?“Wt‘rFoﬂ'f’di‘_%?ﬁetaer
| arger than that of the other I?ns‘es z%nd wh ch has an overcorgected._.
spherical aberr 59’?{) i groviddgeq paal hetednance oxet; ac"()':%i 319850 b9 el B
and B'; B and Bi:bej fixed di n Le ct.iy a r;: z.B
bei nga negat i vg tr@ﬁ%?ﬁa@l} _ﬁ‘§°‘%} E)ie%pgor §I"§/llé€?’a6{“g¥ I’a"i“gti'r gt‘ﬁogﬁg%ﬁg}" Oforfﬁ;gm-
ot her | enses, r Malo L1 2@k og), @k0 S s b SeiNEgetd Y e
| ens. Both nega i\ljﬁéiqrgngﬁe@ggghgﬁgﬁ E :%a\bie&u(r‘al’ eé q% ¢ éf(’r tggt 'aﬁslshzf??gaﬁ%tdﬂ
| S ch

aberrations t hatgrﬁ@ﬁ@%‘f‘sﬁtt%tQVQ{fc%\FcﬁFflEﬁés%gr%dug%g%ﬁnﬁ&agé{egﬁ is“’“‘r??%.’ } 3

over the entirerange of magnification

with lens B the gragairangéd 1HaNtRE seferfbSEEN, B AQVnBIs tghefitleny Co R puk | t Biey

| ens, decreasing the overall length of the system being at a fixed '
di stance respectpower lviitB aAdibndm dargerovisdn e¢hablofi tied athed 1pased iand which has
optical power, fror maintaining the afocality of the system |enses B. C and -
E bei ng novabl e res‘pec_t Lve fixe ens nses tr.an.'sm' tting

= -t 8I _fsAanﬁD,Bsaidl_

inthe [err] rafgevelis8resatedtierioat phsrpaeiofs B nggatdve WPtindl £ a

col l'i mator (eyepheféie cBJ?'sEﬁer‘?X: rﬁ?t‘ ng)efs hensﬁ‘% #. C and -E being effected
aking

according to a conputer progra Into cons’ideration the required
nd required focus accomrodati on.

magni fi cati on, an «Of te rat ure (
Fi gi_8a represeﬁ#sa'ﬁﬁ? péﬁ‘f"@?ﬁ_ﬁr‘!’cé‘@?d AetanssnTerhective §aCh A16% ent “focal
di stance of 52 ‘g (B(gi'n% mré'aft% e‘f’u‘l'er?sn h%fvi;[':ghea 5?gpnerg$\|/eesfca;8 oer) Targer than that
of the other lenses, resulting in achr_'_omatization of the system; _
B" is a negativé lens. B-otﬁ negative lenses B' and B" have under-
correc ted spherjca] aberrations that compensate overcorrected spherical_.
aberration of lens A over the entire range of magnification. _
C being a positive lens, modifying with lens B the magnification of
the system;
D being a positive auxiliary lens, decreasing the overall length of
’ the system, being at a 'fixed distance respective lens A;
‘\/ ' E being a movable collimator of positive optical power, for maintaining
the afocality of the system;
~lenses B, C and E being movable respective fixed lenses A and D,
said lenses transmitting in the 3y to 12y range, wherein lenses A to D
define an objective and E a ,co]l'imatdr‘ (eyepiece), the movements of
lenses B, C and E being -effected according to a computer program, taking
into consideration the required magnification, changes of temperature
and required fOC;.lS accamodation.

Fig. 8a represents the performance of the zoom device for equivalent
focal distance of ‘52 mm (x2.2 magnification of the zoom

telescope).



-6- Fig. 9 Fig. 9a represents t he pérfor mance of +$ hé+ Zoorh dévi ce- f &F’
equi val ent focal distance of 26.6 mm (%l .| nmagnification of the zoom
tel escope) . F{g. 910a represents t he perfornance of the zoom device-for -

equi val ent fpgal Hg n‘%g dhe f&?ﬂa?% ef 366t | 291 64 ftot1 qzluggﬁlerit

tel escope). ‘para ers 0 5| gn are Set

Wmchlstaken at [ I IS 1! It net er
"separation" (11. Ooelfo&lagm‘éﬁbﬁdﬂet of 2@%”?3:@ ] E%a@ﬂﬁ?ﬂ:a&ﬁ'&g ofaPEe E}%Bﬂ -
t hi ckness of | enses ®ie&o e.. C D E E" respectively. TABLEI LENS —~ -
SURFACE Rﬁ@j U§0 CONI C TANT SEPARATI ON ' MATERIAL A A -
112.3 Fig. 103 represent$. kb performance ofEtherzobm device fordéqudvalent
(79.55 (X7.5) AIR 78.34 (X5.3) 75.21 (X3.9) Ato B 71.12 (X2.2) 59.64
(X1.1) 43.54 (XO0. 5) fiscal distance of 13. 3(%0.54 magnification of the4zdd@
ZNSE

telescope).



[err] 110.1 B to B' 5.48 GAR [efr]i L -
-865.9  -0.005671 4. 00 - F & [err]

4.01 (7.5 AIR 2087 (X5.3) B' to C 34,14 (X3.9) B' to C57.45 (x2 2)
74.14 (X1.1), 10

GE [err] "0 SpéPgdT patateters of the de?h9§8a6§7s§f in XPR1§9133WPX§h3)

49.19 X3. 9)1£3£§k£h a292@?c(X@h@)lﬂﬂtzgl(ﬁﬁmééré ZEd&éQtéh LﬁE@L the
35.87 -0.03470 GE [err] .

(57.05 (x7. §arameééR Qseparatlon" (11.00, 4.89, 4. oo 5. 052 8306X553b958 72
(X3.9-D to [err] 59.64 (X2.2) 60.16 (X1.1) 61.08 (XO 5) E

-20.59 and 5.46) are tBeOfhickness of EEnEesrB, B', B",-23. BO E', E* E
to E* 0.41 AlIR 2 1512.3 : 5.46 GE
[err] respectigely. . Al R
TABLE I
LENS SURFACE RADIUS CONIC CONSTANT SEPARATION ) MATERIAL
A A 112.3 | 11.00. 7
Az 148.3 . _ ' 79.55 (X7.5) AIR

78.34 (x5.3)
o _,}15.21 (x3.9)

Y A to B'<71.12 (x2.2)
59.64 (x1.1)

43.54. (X0.5)

! 193.5 T 4.89 ZNSE
2' 110.1 B' to B" 5.48 AIR

B'

. pee B _865.9  —0.005671 4.00 GE
: ' M 79.3 4.01 (X7.5) AIR
. zg.gz EXS.B) - a—
(3 . 3 - x3.9) ’
BY to € 4 57.45 (x2.2)
4 7414 (x.1)
(109723 (x0.5)

1354.7 5.00 GE
-187.6 - f 74.98 (X1.5) AIR
_ 59.33 (X5.3)
} 49.19 (x3.9)
C to D¢ 29.97 (x2.2)
24.79 (x1.1)
5.77 (X0.5)

35.87 -0.034706 7.00 GE
37.40 : 57.05 (X7.5) AIR
57.83 (X5.3)
] 88,72 (x3.9)
D to E 59.64 (X2.2)
_ 60.16 (X1.1)
61.08 (X0.5)

(g Kg]

.D'

(=
N

0.0

-20.59 ~ 5.09 | GE
~23.30 E' to E* 0.41 AIR

E'

S

Ell

a =

1512.3 . 5.46 GE
-193.4 ' ' AIR

tn
N
- a



The material of choice or-all of the lenses is germanium except for lens B™
which is nmade of zinc selenide., It is of course possible to resort to

ot her optically suitable mater i&gfs havi ng suitabl e characteristics: The

| enses A and D are fixed in position,-with the distance of ‘these being

nvar! apleniulag dSEnoicd 50 4N Rl Bl ER R ILCEIRRRu YOS P5, B and B

of novabl e | ens system I xed. ~Accor infra red .R) zoom

tel escopmsoB viifiehi 1Y/ fpdé T MHCRelasideu! | 1 8Y50gRIdrEE§I0IRIpIRPTPENSAt i on,
conprises a total of seven |enses only, which are arranged i1n five discrete

groups, té weseft wbi €lhedr éptdcal 1)0Ral YatArdma (érd@ 19T havting hsydngbT@vabl e and e
noved according to a predel erm ned program whi ch takes into consideration

t he requehsrdcbedsiti¢szat Tien 1ancksPasnd &darenfiqedt i pos Foonsi withothd he whol e
zoom system nmay be done by additional novenment of one of these three | ens

groups distaate YofoLhdye BERS i Avartabaetdurihgaise.SyStsomthe IdisQaricesyst em t he
focusing is done by additional nove- nent of the collinmator |ens group.
Thus t hbetivweerodm ted deaspgre BOfatdh@"i of aovable leasidystenrhtiedfixedfig.la to
1c, conprises in conbination |ens systems Ato E, with lenses Ato D

def i ni nfcedrdiwbjyecthesdniin vadd(1.8nd znout éeldscapeiofi nheaimyentiamat or -
(eye-piece),. 12. Lenses A and D are fixedly nounted on the housing 13 of
the zooWhiglshasfuhhaudguaticndhermad copenaattat.cepmnriges Mok brfis axially

rmovabl © 5@y Tl 32Vl &nﬁ.@far@sﬁgﬁg% mﬁﬁ{:{m}é«e&e oulss Dl RdoFount ed on

carriage | I' s “dounted on scre IS axiafly mdvabl e by

el ect ri gni@f Qe Xatl&nRsy BiREILASRYNLIRIEIOBr€ HovhaBDE adl, ardinVled S .nDVabl e on
screw 21 by electric notor 22. The actuation and resultitig positionini yf

t he novabéerdlieqssaoiredebsrigyed grogbym vidob tikesDiolos cadfsidéBativh 22 i s
determ ned by control commands given accord- ing to precouiputed data for
each nmadhe frieguivesnmaguifiipa tive awdymepperad damperature, :

Focusing of the whole zoom system may be done by.additional'movement

of one of these threé;]ens groups manually 6r by means of an auto-
focus system. In our system the focusing is done by additional move-
ment of the collimator lens group.

Thus the IR zoom Leleécope of Lhe invention, as illustrated in Fig.la
to lc, comprises in combinalion lens sysltems A Lo E, with lenses A to D
defining Lhe ub,jet:LiQe 11, and tens system E defining a collimator - . U
(eye-piece), 12. Lenses A and D are fixedly mounted on the housing 13
of the zoum system, whereas lens B is mounted on carriage 14 which is
axially movable on screw 15 by means of electiric motor 16, lens C being
mounted on carriage 17 which is mounted on screw 18 which is axially
movable by electric motor 19, lens E being mounted on carriage 20,

which is movable on;screw 21 by electric molor 22. The actuation

and resulling positioning of the movable lensés or lens systems by means
of motors 16, 19 and 22 is determined by control commands given accord-

ing to precomputed data for each maynification within the magnification



range of the systenm the exact position taking into'consideraticon &kocal
di stance and tenperature at the instan@ of actual use. The instantaneous

required magnificaiagn b6 WeOYFHIRM, bihe BRI pb&PULNt B IGATPHIdONE
via control 24, V\her-(%gs t he reyqui red focal I-gngth i"s pr ongeg a%@?n’%ﬁ?@'ﬁé'

conputer 23 via. cfotalollisnemee ARl tehligeracir@ltt BRPanatdite oPfadthel Vse.em
bei ng nonitored by sensor 26 which provides an input to conputing neans 23.

The above system dhe ibe Lasieieeds irelj@ividdymagriill i €a tidRges Providid by ARIED input
factors as wide as from0.5 x to-about 8x, i.e. a factor of 1:16, which
exceeds by far th&o afupekist neans Y3t ens coftrelnBynivhieeads ahe raqeicdt Fooer

wi th a near maxi mnumresolution capability over the entire rang i ndependent

of tenperature chieued iis proeidethge bipudt Lo cavpu tert @B eria- 85n oA neans52%, | f
required, this range can be extended. The system permts a rapid changeover
over this wide raftbe astughdiempecduremns thedyshen bedng wandtoredobyt $ansor 26 which
si mul t aneous novenent, of the three nobile | ens systens in the zoom system

the novements bei RGOSR AL iBUh orMMUtIng mepns o fdensat e for tenperature

changes. Each of the l.ens systens B, .C and E.(the, novahle ones € e _as
provided with aCcttJrB%taém(‘:'S_r\st)l)'lsg'F"'ﬁ@é‘ngevﬁeghe@‘%éﬁ'futyhg'ﬁb@eﬁ%’?& °g/i“ﬂ$mf‘ca_t‘°'_:
required accuracy fac (i3 3t MdbaReHon BUCREY a8but °8R, VLI Faltol A9 f6, ©
controlled by m croprocessor neans Whi Ch Al Tofates To’each such opticafl

el ement the exacivhi&KllixtEeUsPDFI £droMhat ol OPistTHE dy8tehd!t | PRe fnigni PReations are
I nt ended degree of magnification and tenperature. I'R zoomtel escope of the

i-nventi on has beembtaimedr etithvat hedm eaxintmoresol st tors capalei lidy noyerhbbe adtire rang
out \\n U K Patents 2 126 370 and U. K. Patent No. 2 141 260. Wereas the
zoom of the pr eserindeprrdent of gemperature changes in the range of at least between
-35°C and +55°C. If required, this range can be extended. The system.
permits a rapid changeover over this wide range of magnifications, 'ar;ti
this as a result of the simultaneous movement of the three mobile léns
systems in the zoom system, the movements being such as to automatic-
‘ally compensate for temperature changes.
Each of the lens systems B, C and E (thé movable ones) are provided
with accurate control means which effect the movements with required
accuracy. The simultaneous movement of Tens systems B, C and E is
\\J ) controlled by microprocessor means which allocates to each suc!l_optical
.5element the exact required position with optimum resolution
‘for the intended deyree of magnification and temperature.
IR zoom telescope of the invention has been compared with known zoom
systems, ihcluding those set out in U.K. Patents 2 126 370 and U.K.
Patent No. 2 141 260. Whereas the zoom of the present invention gave -
highly satisfactory results, computer studies of the systems of the
"said British systems indicate that these systems are far from giving '

the desired q'_uality of results.



hi‘ghl y 'satisfactory results, conputer studies of“TRe systems of the said

British systens indicate that these systens are fa ‘mm‘m‘;m desired
quality of-results. CLAI MS 1. _ An infra-red m‘ qill stem
provi ding a high performance over a~ range of magnkfikath ors (from_
about 0.5 to about 8 tinmes), with a correction for tenperature changes in

the -35 Cto 5 ange, conprising five optical groups of a total of seven
..l enses (gr_oupséf:@géfd herein A to E), which are arranged in the sequence of

A a front singlet |g BERY ower with a dianmgfer |arger than that
of the other | g’nses }gﬂﬁn\%al‘%%%hé%jegtﬁﬁ 7oy ééfsg%@rgwmagemagi gn, bB' E ol t
negative optic t I §§in | enses.B and B, B an " being a
a 19i xed di gt angéerfr%bgé;@gt P?/ée)rnéa #GO?H@Q, 0 fma@ﬁi‘ﬁbclaglﬁ%éfr% alptg'!“% having a
di spersive fac h at:s t t her nsgs, resulting in a

clhr gmat i zat | ong'gi; t??\i&?yss{; gtﬁlﬂne%f,. }wg?lg anggg%c\‘/:imf efﬁg geﬁ@?ﬁ?%ﬁa‘f'?%‘@??enses
B' and B" haveignter3uceesd ¢g° '9 gpﬁy t#:00S Rei a_pgsitive

| ens, nodi fyi n]g with lens Bgt hgmr?gigﬁl ?lm(‘:" ti 3ﬁ&o¢lqg'h%pt§§§fe%%uff B_)g!lsﬂg a
positive auxiltavay dﬂélt%venﬁiﬂféhewi@oﬁ@t@ma},éréiﬁngt% ®y, "?cﬁy@teem bei ng
at a fixed distance respective lens A; E being a novable collimator of -
posi tive opti cafrapgedrin the seqiencet of W,ng froat 3finghdt Tendloft Pesitied em

power with a diameter larger than ‘that of the other lenses and -~

which has a corrected spherical abekr‘_ation, B a negative optical

element consisting of lenses B! aﬁd'B“; ) -
B' and B" being at a fixed distance respective each other;

B' being a negative lens having a dispersive factor larger than -
that of the other lenses, resulting in a chromatization of the

system; o
B" is a negative lens,

both negativé-lenses B' and B" have undercorrecfed spherical

aberfations, _ _

C beihg a positive lens, modifying with lens B the magnification of

the system; | | o | Q_)

<

D being a positive auxi]iary lens, decreasing the overall length
of the system, being at a fixed distance respective lens A;

E being a movable co]limatof of positive optical power, for main-
taining the afocality of the system; _

lenses B, C, and E being movéb]e respective fixed lenses A and D,
said-]enses_transmitting in the 3ﬁ to 12ﬁ range, wherein lenses

A to D define an objective and £ a collimator (eyepiece), the
movements of lenses B, C, and E being effected according to a
computer program, taking into consideration the required

magnification, changes of temperature and required focus
accommodation.
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| enses B, C, and E being novabl e respective fixed |emse nd'0, said

| enses transmtting in the [err] range, wherein |lenses A to D define an
objective and E a collimator (eyepiece), the novenentse'ﬂm, , d
E being effected according to a conputerpragram taki nj mmiml””i"mron
t he required magnification, changes of t& erature and. réquired foocus
accommodat i on. 2. An infra-red objective zoom system according to
claim1, where the negative lenses B' are nmade of ,ZnSe and the other |enses
of germanium 2. An iinffra-red objecttive zzoon syEten soopding tto cl aim
2, where the positions of lenses B, C and E respective lenses A and D are
according to tkdaiar dnewbeseddhienadgat iRiqgureassel B arel madel of ZnSe
infra-red objective zoom system according to any of claims 1 to 3, where
the | enses areaad &bk pshern leases Df germarciumnal equi val ents thereof. 5.

A zoom system for use in the IR range, substantially as herei nbefore
described and Wi-th r &Pel@fda-res ROIBeYegoon system according to

claim 2, where the positions of lenses B, C and E

respective lenses A and D are according to the

parameters defined in Figures 2, 3 and 4.

4. An infra-red objective zoom system according to
Qu, any of claims 1 to 3, wheré the lenses are aé defined

in Table 1, of functional equivalents thereof.

5. A zoom system for use in the IR range,

substantially as hereinbefore described and with

reference to the Examples. : —




