0475797 The field of the invention is that of magnifying optical |enses
and, nore precisely, binocular optical systens intended to be inserted into
t he ni ght channel of an observation system _between a |ight intensifier
tube 5 and an observer's eyes. The inveftfon finds special applO4d®%%h in
observation apparatuses for arnoured vehicles and, especially, periscopes
for battle tanks. I—b\A/eve'rhetﬂBeMtd:ﬁaihdyﬁmuﬂoﬂle luwuf;oa.aaaifyfm@ds
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Gorai | od bel ow. THEIRL pdrpERs i BO5p” FhRNest e Firadalef Bk ratue,
general |y had aveystéms, mbsndiu}' to heoﬁpsartbéaintorﬂncamght ichaxinedpifcal
periscope, call f&!?]déﬂséévat Qﬁ”ﬂgbtemcogP ?bﬂgaaﬂi il'i:r Xn‘i:%ﬁb?.?&%%-t tube

receiving the | rays an outpltting rays to
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night. In fact, éespesiablypopstisecpes fexnBattile tamMmsnt position, to use

l'i ghting neans 25 bui I & %4,“3 theth‘éer‘bﬂ:fca t d}sséékerggorﬁgeggm 35,0310

use an el ectroni c ni ght channe xanple an obj ectlve
light interd@fi eiin%eamnazaas#mc eerem d‘éle!'tﬂmlsﬁ cmmptigaipmwta

visible image ofgihe£]dANESCERE de tdStL£LIER W ow 30 However, the
slze of the known periscopes is too, eat for themto be flf‘#ﬁ |nto
thenk

day/ ni ght equi prent. ApaF the RATRLIGHIAF qpsAuRk BTROYTeS ¥
_ comander with acdnﬁﬂﬂidéfvglenlali‘&g&ythﬁb tm;wmdedobydabe 'dﬁyion, at

Do [ere] and ¢ eSS roaRe ( RaBYBRESBNRL L Fheick, cunFiBRsR . L oADINR Rl °
Because a pkf i socipenmelds compird adng I}nraﬂme reflecborammaceiving ther
~exanple in the eyl Ofbage! Grid-an exit reflector outputting the light
rays to the commander. Depending on the type of peri-
scope, the path of the light rays between the two reflec-
W tors may be direct or may undergo one or more reflec-
20 tions. _ '

The day channel provides optimum vision as long
as the lighting is sufficient. However, this channel does
not allow control by night. In fact, it is not possible,

U at least in a combat position, to use lighting means
25 Dbuilt into the vehicle. It is therefore necessary to use
an electronic night channel comprising, for example, an
objective, a light intensifier tube and a binocular
device, this channel outputting a visible image of the
landscape to the commander. )

30 However, the size of the known periscopes is too
great for them to be fitted into day/might equipment.
Apart from the major drawback of presenting the tank
commander with a lower-level image than that provided by
the day periscopes, they use all the space available

35 between the commander’ s eye [sic] and the armour, thus
preventing interposition of a day channel.

Because a periscope needs to be easily replace-
able by another one, for example in the event of deterio-
ration or malfunction, or else quite simply in order to



ration™or malfunction, or else quite sinply in order to -2- carry out
mei nt enance adjustnents, it is generally in the formof. a conpact assenbly

conprising all its constituent elenents (optical-ray deflecting reflector,
mechani cal franme for the night channel obt e&ttves, light inten- 5 sifier
t tbe, day-channel reflectors, etc.). Var| ous rrechanl sns may be used so as
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Appl i cation No. ﬁgl? if’gﬁ'ﬁﬁitﬁa’é”&’%ﬁ%ﬁﬁ%d" $9%al P af
especial ly for pefizsswoptor &he might scbpnnqbunpbdecmimh aligm:reint:'e'he
change from gpe igh@gm J !Hiﬁ: [ for requiring a

.k ,;p ‘ii@i & 1e%t-.B‘i-r dy.
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towards one channg@imeXsidifs C&flfh"ucﬁ/\fd 4141%c%§@9a%| I&’niaﬂ.l”h'%dpdsbiﬂl%o turns
out to be advantageous taqg _consi ul ar

si ze :
devi ces with which peri sc0Pes™&F gaﬁ ﬂ?‘pp ! g 1pwgs r§”1 s"?ﬁ P2 in
a periscope, the usimgu adazlewhmek matmﬁ.drammgm nltghtaeﬂanhdls is,

occupi es a gl atig, S r n

for cg the o ]1 | cal c’g'lys ’Lﬂﬁfe' pﬁgﬁ% %&éﬂf f*ﬁigwéawwkﬁgf%ﬁsgg?ﬁht
rays energi ng veriadcal9i0y/0783% t relakingsi¥o can ufarticpdagerl coechanical
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cQnstraint, the bi ngcul Vi ce eri co e-1s reqU|red 30
to be conpati bl eci/ﬂ erV i"ﬂéﬂ‘ i ﬁE%pPESaY #NiPg. chepael; o
reasons of nodul aiké yoﬁndredenwfdmowmwsabhﬂnhw heendAixitO COE ar
devices to mat ched with h ngi Qns f .existin intn|f|e t S
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: the t::.lting of a raflector directing the 1light rays
selectively towards one channel or the other. _

With the same aim in mind, it also turns out to

be advantageous to consider reducing the sgize of the

~ 20 binocular devices with which periscopes are equipped. The
reason for this is that, in a periscope, the binocular
device is placed facing the user and thus occupies a
relatively large space. The overall size constraint may
\J thus force the optical system to include an angled part

25 allowing the light rays emerging vertically from the
intensifier tube to be deflected horizontally towards the
user’s eyes.

Apart from the overall size constraint, the
design of a binocular device for a periscope-is :éq:uired

30 to be compatible with the other elements in the optical
chain. Thus, for reasons of modularity and economy, it
should be possible for the binocular devices to be
matched with the dimensions of existing intensifier
tubes, and especialiy- with the dimensions of the peri-

35 scopes which equip the battle tanks of the Leclerc,
AMX 30 or T ("trade" names) types. '

The design of an optical system for the night
channel of a periscope therefore requires the choice of
an intensifier tube/binocular device pair.



3% sbopes which equip the battle tanks of the Leclerc, AMX 30 or T
(“trade” names) types. The design of an optical systemfor the night
channel of a periscope therefore requires the choice of an intensifier
t ube/ bi nocul ar devi ce pair. -3- Binoculwar devices are thus known for

ni'ght -channels for peris es 0_20/30 mmintensifier tubes, for
exanpl e ‘t he PH LIPS XX1§§8‘°(’?12'§1I& EPX °PPad§’-"‘°rra?j& h‘?ﬂ?f i £6T { ight
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bi nocul ar device_ i s achi eved ysing .an asserrb y of mm rragnl |an
isfann

fibres. The mai nPdPORNIAE devicess 18 motom %&aﬂ“&hfﬁ’ aldow ®a

t he magni ficati obokrgt | comEoess awlyer 0 d¥iivithg hani NagRotded swéﬁiaent and
di aneter is 1.6, EPegiL gJQgt X2 reduction in the aperture of the exit
fibre incom pat| e aperture of the binocul ar device. This
results in a darkening omnegmtal ofabinod¢ulax dévicds cixe fajsa knowmal

position of ;p5he Qﬁié V&Eesmsysﬁeér\go %E@?idgaggﬁggﬁa?ﬁlfﬁﬁ%*%{iﬂeeé

In addltlon this ution 1n too ni g ppl'1 cations

third type of ar FH-’RQErrBﬁt the Wnaéﬂ#é&dﬁm’%e ‘Fkﬂ’t*héé“t SPRLing hetwaenis
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Mor eover, the docunent offhenihetn Sidxawbalekt cof - aﬂz:l.s Nd:ypa oL, OﬁhdquRS
s known, tfgs dBSVEEQtiEei:ﬁ“: "Yhe magnification ratio necessary to bring
the image to a sufficient diameter is 1.6, this leading .
to a reduction in the aperture of the exit fibre incom-
patible with a wide aperture of the binocular device.
This results in a darkening of the central part of the

~ 20 field for a nominal position of the cbserver’s eyes and
a loss of contrast due to the fibres. In addition, this
solution is too bulky for most day/night applications.
A third type of arrangement of binocular device
Y matched to periscopes finds application in 25/40 mm tubes

25 of the THOMSON TH 9311 (registered trademark) type. These
tubes are well adapted to the overall-size and image-
quality criteria, but have the drawback of having a high
cost.

Moreover, the document of United States Patent

30 No. 3,922,072 by ROGERS is known, this document relating
to optical combinations for night wvision devices, the
image being formed on a "phosphor® screen, typically an
intensifier tube, and amplified by lenses. The optical
combinations described are of a type comprising three

35 groups of lenses, all convergent. The first group, called
front group, is characterized by a focal length 1lying
between 3F and 12F, where F is the focal length of the
combination in question, the second group, called central
group, has a focal length lying between 1.6F and 2F and



t ot opti<cal combinations for night vision devices, the i mage being fornmed on
a="phosphor" screen, typically an intensifier tube, and anplified by

| enses. The optical conbinations described are of a type conprising three
35 groups of |enses, all convergent The #irst group, called front group,
i § characterized by a focal |ength Lying between 3F and 12F mhere Fis the
focal "l ength of the EBABANFEPYR/ i § TORT (FROURc AP (R ofipcalalepgth
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f-nunber to be obt ai ned, server must

restricted regi om suﬁ%mtmmlnﬁremberu 50&%@@511&4» (ﬂ!’-\nﬁ@étath&d-
10 ically novelpaRivéR midt FHIREYn BIa2EF8s0ind & datTtidthial reldd oppnge of
efficiency of the existing arrangenents cannot be extended indefinitely
sinply by quanti¥R®¥®e nodification. The reason for this is that, for a

gi ven opti cal conbl nat i ofurthermmes At ing ils nécessampched dewide asexad-as a
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allevi- ate reci se e present
invention is to Phevirange noﬁeleﬂ@iwan @‘bt thel existing apgarsngemenits:

canbe used espeﬁgﬁéy bE_Rxitisiidled” NEHMUY:1 {1t R 4 HRONP by ! Guakiditative

t@smt |mages t he screen output of a | er t ube rlgnt up

to the user' fFeAELPR oprRe: TORSPRC £ BFelstgﬁqﬁ i thatn forig gdv

provide a bi nOC%ﬁEi@@ll goibifia 806R 'E BheWapetraitingotlind 8\ ie- +eatHedndsa
w de- apertui'f on

soon as a limiting size of lens is reached.
The object of the present invention is to allevi-
ate these drawbacks. i
More precisely, a first object of the present
U invention is to provide a novel binocular optical
20 arrangement that can be used especially in a night
channel for periscopes, in order to transmit images from
the screen output of a light intensifier tube right up to
the user’s eyes.
¢ Another object of the present invention is to
25 provide a binocular optical arrangement which is both a
wide-field and a wide-aperture one.

An additional object of the present invention is
to provide a binocular device taking up little space. In
addition, the binocular device must be able to present an

30 angled glass whose function is to deflect the vertical
rays coming from the 1light intensifier tube to the
eyeglass whose axis is substantially horizontal.

A complementary object of the present invention
is to obtain an optical arrangement corresponding to a

35 nominal position of the cbserver’s eyes at approximately
100 mm from the eyeglass. In this way, the pupils are
some distance away from the first dioptric interface so
as to allow the presence of a retractable reflector
allowing the image from one of the channels (the day



Ani'additi onal object of the present invention is to provide a binocul ar
device taking up little space. In addition, the binocul ar device nust be
able to present an 30 angl ed gl ass whose function is to deflect the
vertical rays conming fromthe |ight intensi®ier tube to the eyegl ass whose
axis irs~substantially horizontal ._- A conpl enentary object of the_present
i nventi én is to YABRSL Fopperample} 56 eerent (PR WBeRJEhys: ghangel is
nom nal positionggfedb&apbserver's eyes at approximately 100 mm fromthe
eyeglass. In this way, t the,fir
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| ei ng possi Mevides e, exsto ) .St 80 0S il beheeen
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order of 48"dr)rm E%%E%go%ndﬁ aqrr'gf’gé'n crg}éﬁﬁ‘aﬁt haEi)sz?"r"’ecJ %%gmai%vefg;gllfg
smal | f-nunber ipragikke: ofemtexAmplere boessivatehshensrandargugintance
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equ/al to [err] in the user's view na pl ane. In order. for the observer's

brain to be able to recon-t®® foaal Jeanghh mussqbe; RELERB OFdeTy PEi 4R oM | s
necessary for thesdrage 300 macdiawmeter berewiphl yehigniregairihge HVveekep

field nust f?eres]cn?ar.ﬁ C%\!—%{mgei‘i ginz{f 'o%éQ& RE CSQEisfy the wvalue of the
entrance-pupil diameter; '

- the overlap field must be of high quality and
wide, at least equal to 15°, in the user’s viewing plane.
In order for the observer’s brain to be able to recon-

20 struct the image in binocular vision, it is necessary for
the image in each eye to be roughly identical. The
overlap field must therefore cover a significant percen-
tage of the field in the central portion of the image;

b - the presence of an angled glass must allow the

25 rays emerging from the intensifier tube to be deflected,
for example through 90°, towards the user’s eyes. Such an
angled component takes up additional space and introduces
off-axis aberrations.

These cbjects, as well as others appearing .below,

30 are achieved by means of a binocular optical arrangement,
of the type formed by two groups, a front group and a
rear group, the said front grouping being formed by a
front part and a rear pért, the front part being formed
by a- biconvex lens and a frontwardly concave meniscus and

35 the said rear group being formed by a bonded doublet with
a plane rear face comprising a convergent convex lens
bonded to a .divergent lens, the said lenses of the said
bonded doublet having different and complementary disper-
sions to compensate for the chromatism, the focal length



tage ofi the field in the central portion of the inmage; - the presence of an
angl ed gl ass nust allow the 25 rays energing fromthe i ntensifier tube to
be defl ected, for exanple through [err] towards the user's eyes. Such an
angl ed conponent takes up additional spac€ & introduces off-axis
aberrati.ons. Thes ects a thers appearin ow, . 3Q __are
achi eved by meang’2 b?ﬁ%@u?g\#\'gé‘ﬁltl %ﬁr%ﬂb g’%‘h 315 e‘#1ea‘?‘9pé' 0% fed by
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sai d bonded doub et avi ng erent an enentary disper- sions to
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bi nocul ar devi ce. 3 enti ?h conI:| o %atlon of the invention J'.
possi bl e to'let PAELFIpEsAacn FhecoPRLdRlohrEs & adte B Raptpinately

i ntroduci ng on- areatzedr dat ithve. pRasaieeciodh|fprmaltdone ot chel gagent uie tHig he
front face QB thga§§| gnc éeBQ§QEn| ens of the said doublet is pasitioned on
the optical "axi s so e approxi mtely centred in the plane of

formation of the |rrage Aﬁcpﬁﬂénsoto ena emhodimend: pfckhe AuveRtiens thhe
efrbedi ment of thsnam&eat b&n,:ﬂdw%m tOloonivext Qe G IR dBrerand

he di ver- gent s I| n 5.,and pproxi nat e Accor di ng
toL}an advant ageoE§n§ b\l\gf'ﬁ g 78 ?%é ﬁfgg 8 #ﬁ%YSal d rear
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biconvex lens.

Preferably, the said convergent biconvex lens and
the said concave meniscus of the said front part are
separated by a layer of air.

~ 20 According to another embodiment, the said conver-
gent biconvex lens and the said concave meniscus of the
‘'said front pai‘t are bonded s0 as to form a doublet.
Advantageously, the said biconvex lens of the
b said rear part has a plane rear face. |

25 According to another embodiment, the said rear
part is a glass plate with plane and parallel faces that
is combined with a frontwardly c¢onvex meniscus located
between the said front part and the said glass plate.

Preferably, the said rear part is angled.

30 The presence of an angled component in the
optical system according to the invention allows the
light rays entering the binocular device to be deflected,
especially if these light rays should reach the binocular
device vertically and have to be deflected in order to

35 appear horizontally. This case is typically the one
encountered in a periscope, where the commander gets a
horizontal view of the light rays emerging vertically
from a light intensifier tube. .

Advantageocusly, the optical system according to



separated by a |l ayer of air. 20 Accordi ng to anot her enbodi nent,
-The said conger- gent biconvex |ens and the said concave neni scus of the
said front part are bonded so as to form doublet Advantageously, t he
sai d biconvex lens of the said rear part has”a plane rear face.
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Advantageously, the optical system according to

the present invention applies to a periscope, éspecially
for an armoured vehicle. ' _ _
Other features and advantages of the present
20 invention will emerge on read:[ng the following descrip-
tion of a preferred embodiment of the present invention,
given by way of non-limiting illustration, and from the
appended drawings in which:
' - Figure 1 is a diagram of a vertical section of
a periscope comprising a day channel and a night channel
using an optical system acco:r:ding to the present inven-
tion;
- Figure 2 is a diagram of an optical chain for
a night channel of a periscope; -
30 - Figure 3 represents a first embodiment of an
optical arrangement according to the present invention;
- Figure 4 represents a second embodiment of an
optical arrangement according to the present invention,
conétituting a variant of the arrangement of Figuré 3;
35 - Figure 5 represents a variant of the optical
arrangement represented in Figure 4;
- FPigure 6 represents the astigmatism focal lines
of the optical arrangement 2 [sic] of Figure 4.
Figure 1 is a diagram of a vertical section of a



15 Bet ween 0.85 F and 1.05 F approxi mately. Advantageously, the optical
system according to the present invention applies to a periscope,
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present 20 invention will emerge on readi 8g-the fol |l owi ng descrip- tion
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arrangenment repre in,Figure.d: - gur, represents,_the asti Ism
focal |ines of tﬁég%{ggea Tar aénggirﬁﬁ?tﬂa[ﬁi °5fe%‘@.ﬁ%é Pogad 5 88?’%"%% a .
di agram of a verecaltiedstheinight channelar iogctpwardsptheideyviceald), called

and a ni ghtqghan i,N ti :;g:‘.t [ jJaven-
tion. A perll'gcopgﬁ% gﬁgses tﬂ?g%gﬁa#ﬂ;gdar rpl,}? g o&la : i\%é:dir%i%.r %ém
periscope 1 conpfPiesrefderterafosdihiia merblankan pay: seepreliatiyecbes and
4. /The light raysifeegi gedabyrilegupaRer ppdsm. of the periscope 1 are

(o devi ce 4, cal led 10 WEPRGEHR LIS ERYS AR A HHRSIGRBE dOanAT o o
retract- abl e rethectetractibie reflector 5wz £olisxd aldwn iw such a way
15 that the light rays pass directly into the day channel 4.
According to a particular embodiment, the first
device 4 may comprise two reflectors 6 and 7 that reflect
the light signals entering the periscope towards an

L observer 8, typically a commander of an armoured vehicle.

20 The light signals coming from the outside are
reflected by the reflector 6 towards the reflector 7
which sends them on to the observer 8.

When the periscope cperates in day mode, that is

to say when the rays are admitted into the device 4, the

25 periscope is prevented from moving rotationally. It is
not necessary to be able to rotate the day channel in
bearing, since known armoured vehicles generally have two
lateral day periscopeé. K

The change from the day channel 4 to the night

30 channel 3 is performed by tilting the retractable reflec-
tor 5 above the night channel 3. Thus, the light rays
admitted into the periscope are directed towards the
second processing device 3 and no longer reach the day
channel 4.

35 The night channel 3 is formed, in the configuration
of Figure 1, by an objective 9, a light intensifier tube
10 and a binocular device 1ll. The binocular device 11
makes it possible to obtain an image that can be seen by
both eyes at the output of the binocular device 1l1l. It



mirror:or a triangular prism Wen the light rays have a sufficient
Jdntensity, the retractable reflector 5 is folded down in such a way 15

that the light rays pass directly into the day channel 4. According to a
particul ar enbodi nent, the first device 4 rﬂay‘ conprise two reflectors 6 and

7 that-veflect the light signals entering the, periscope t rds, an observer
8, typically a CHHRANRA B SHULed SPRPIRRReY Pazk, 30 walck'alicwe 'the
signal s com ng fligghtt raysute be semt rax ladomngd abgubbtaneiaztiyyochobitentals
the reflector 7 i S @il Jdae n ohs r - riscope
operates in daya\'r%' efht hat 1's tgh%ayb\%ﬁgﬂsfhg ?ggg'aﬁgeggﬁﬂ?ﬁg‘gclg% 0 %ge

devi ce 4, the 2%he Rdnosdar deviice ds detnid Agy-rotational ly. It is
not necessamy to be abl and NdGRe EipsdRefiafNdrdd) heY | BirszaRCCakgown
arnmour ed vehicles . 'eneraéol¥ h%e two | ater gyfgeri scopes.. The chagge
fromthe day ch ecrad PHe Th®yrFesmretartandersecsoge 3o oi® t FRei ng
the retract abl e dkdjfedteisre t &, 5anpli€iede algbtrohisaklyl. byhushet hEighght
rays admtted i | S e Lrec t sy ihe d Jar ocessi ng
device 3 and noq%%neyehrqﬁg#ch:E?Eepgégtghg%ntetﬁ%.Q%‘;&hip d%ﬁ%@%i g]h H&nnel
3 is formed, inemergsonfremrtheohinpenilayr devicey In bbj bet isgeno by theht

i ntensifiengt ubgplarsud @ bi nocul ar device 11. The bi nocul ar device 11

makes it possible to obtain an_image that _can be_seen bﬁ both eyes at the
output of the binocul ar %/Péghfl."gPPnﬂ 3omay glggcke shormeday (B PNt ed

part 30 which aldther t Bafragbd reatsdrs borsdy Qdghtoslgnalubpiesessiny
hori zontal axi 8338]? tQuar .d?mt:hee QhSqLVer.,s, exgg.en‘ql:lﬂgigon truect' n_of the
bimocul ar devi c |§'(festa| ed- berow. % : Fl}'ﬁbra m&?m?@
fromthe outsideeplacksd withc@ cpmers sensartabdcardisplayrséreenawhitchhe
obj ective 95 amplayf icgd nfakP HtOBeC 2bhlYol¥al Bf 4h08btical pick-up device.
VWhen the periscope 1 according to the present
invention is in the night position, that is to say when
the retractable reflector 5 is in active position
(deflection of the light rays towards the channel 3), the
20 observer 8 can slew the night channel, that is to say it
can be rotated about a vertical axis. It should be noted
that, in the event of pivoting in bearing, the objective
9 and the intensifier tube 10 advantageously remain
. immobilized, only the retractable reflector 5 and the
N 25 binocular device 11 being free to rotate. This allows the
overall size of the periscope to be reduced.
Figure 2 is a diagram of an optical chain for the
night channel 3 of a periscope. | : |
The light rays enter the optical chain of the
30 night channel 3 along the direction 12 and pass through
an entrance pupil 13 of aper_t:ure angle 20 towards the
ocbjective 9 of focal length £. The objective 9 of focal
length £ forms an image of the landscape on the
phoi:oca.thode 14 of the intensifier tube 10 with a diam-
35 eter ¢. The focal length £, the field 20 and the diameter
¢ of the photocathode 14 satisfy the equation:
¢ = 2 £ tane : (1)
At its output, the intemsifier tube 10 includes
a screen 15 on which is formed the image whose luminance



intensifier 10,

penetrate the binocular device 11 and energe fromthe

*bi nocul ar device 11 to be seen by the 10 observer 8. The ni ght channe
may al so be fornmed by CCD or other infrared sensors or by |ight-signal
processing devices. For exanple, the intentPfrer tube 10 rray be repl ace

h d whj b
fol l'onet by an_ B88, peRl plplt Rall, 36 GheneteE 48 rad Aeraed s i 4t o
t he present inv®hei bmnpsuﬂ.art Hevicghllpofi focal- ldmgthsftibmg' ah eimide
retractabl e ref Eﬂcfzﬂé §ci-§ehr50§%f \the 5t EEQQ.‘.Q@@C Eﬁﬂ%hfﬁ L hEE Qﬁf#éa&gt rays

towards the channe

observer can Sl ow € ni

| 3
d

that is to say Pt é‘&ﬁl [ etk RrRbbUL6 o Thetsize afi thipt imaaq debe2yrot ed
that, in ths evgAll ehnPbeolsieds iR bﬂﬂr ipldnet b2 @yee%d;\te p%ﬁfld 1'%t

intensifier tube 1 ggant&ﬂeog l(# grrar n i bil| EX t he retract abl e
refl ector 5 and®PH&®28°" <piH8cGPar°Y2Bg Yt ‘é?nbsf?%’é:‘? edtate. This

all ows the overall sizeyodf -tbetpnar'scope to be reduced. Figure 2 is )
di agram of an optical c appel,..3 of erisco The
light rays enter the op?ﬂcal c%%u % g]o 4 tl}ﬁ gﬁgﬁ‘ elcéa'ﬁﬁqﬁ:hg Hh
direction 12 an@iefinedtR¥sugh an entrance pupi’l 13 of aperture angle 20
towards thggobjective 9gok Egﬁglr/hgﬁgth f. The objective 9 of focal

f forms an i mage of the

an e, on
tube 10 with a diam 35'1'{1 gi?" BLar gﬁc%?‘ iz gharacterized by [err
and the di ameter [err] of itbemagntﬁteab.bdﬁ §,4-sq;t'|/@fy the equation: {gyrr]

Q/f [err]

t he

e
gth
]

hot ocat hode 14 of the intensifier

| ts ut put,
intensifier tube 10 incl u&he gig%?te:gﬁ ?Lg %ﬁémﬁx% d the i mage whose
| um nance - 10 - has-bthe anglef20f. aﬂ'h@ltichrrdtl@r@g&hbssumn 15 is

2y. The bipgcul ar device :@ésofoéﬁal!eﬂ#wy'dgfiﬂEHBtérh JBUE aPprdi nals!

15 of the intensifier tube 10 at a di

-~ 20
(”) 25
30
35

tion, for D >> 1 by
F = y/tane’ i (5)

- its f-number, equal to F/¢,,

The value of y depends on the intensifier tube 10
used.

One particular application of the invention
consists  in wusing an intensifier tube 10 whose
photocathode diameter is equal to 20 mm and 2y is equal
to 30 mm (20/30 tube).

The specification of the night channel determines

een

the values of the magnification G, the field 26 and the .

diameter of the pupil ¢,,.

A preferred embodiment of the present inwention
consists in taking the following values: - -

G = 0.9

6 > 45°

Pep = 95 mm

In addition, D is chosen to be close to 2 m since
the-magnification G is less sensitive to variations in D
for a longitudinal shift of the eyes of the cbsexver 8:

If D is large, G = £ x tube magnification x g,/D.

The calculation for the above optical system is
carried out using the equations given:

- equation (3) allows 8’ to be obtained from G



D froman exit pupil 16. The size of this inage is 2y’ 5 and can be seen
.4n the plane of the exit pupil 16 at an angle [err] The foll ow ng equation
is satisfied: The magnification G of the ni ght channel is defined by: 10

G=[err] = @3 “The binocul ar device 11'is
‘Characterized by: |ts magni fication [err] (4) - the dianeter of
Its exi-t pupil rﬁ - the angle [err] at which the imge is seen 15

- its focal length F defiegdatbom ¢@2bdadppwaxinin-ta ik, obtaimed>fiolyD| err]
(5) - its f-nu .gefual to [err] The value of y depends on the

intensifier tube 10 20 used. One particular application of the invention
consists in using am edekbienidf) alBewsim, Keode mhiainedofvomi yneter
is equal tg ZOgﬂaapd. 2y is equal to 30 nm (20/30 tube). 25 The
specification of the ni ght ch nelhrget er m nes t he val ues of the

magni fication G the fieltHY e & e @upi | [err] A
preferred enbodi nent ofId mlqm:eismt thavequaa:noﬁan:a #/%,) N(6)alallgwehehe

follow ng valu _:e %Q%se be %bT:ant%nd Frlom L‘?‘E]gf’f’ggﬁg%gtf‘e}n°§d t| on,

Dis chosen to m st nce the magni $s%%emsrti ve
to variations |bﬂ-®<3§18rféﬁvétcﬁorig% ta&!ﬂnaﬁroﬂn the oidimmeterospgfl afieits
observer &g If Ig,:§;|_large G=1f x tube magnification x [err] The

cal culation for the above ti ca systemis carried out u5| ng t he equations

gi ven: - equation (3) 8 0358 oBRailRd 9RRRSd With othose
v/ commonly used in the case of night channels for peri-
—/ scopes:

2y lying between 40 and 46 mm;
G lying between 0.9 and 1;

- 0 = 45°;

- ¢ = 85 mm.

15

Equation (6) gives:
N = F/¢,, = y/tane’.¢, = y/G.tano.¢,,

20 Thus, according to the specification, N is 20%
smaller than is commonly achieved, hence the difficulty
of combining the above characteristics and, at the same
time, providing an :L;nage of excellent quality.

When there is distortion, equation (1) becomes:

/ 25 $p = 2 £ tane (1 + X) where X is the percentage

of distortion. ' '

For X<0, for a given ¢,,, the product f.tano is
higher, this allowing the field 6 to be artificially
increased without correspondingly decreasing the focal

30 length. It is then advantageous to introduce a distortion
of opposite sign into the binocular device 11 in order
not to obtain too distorted a “final image at the output
of the binocular device 11.

By way of indication, a very low overall distor-

35 tion (objective + tube + binocular device) of the order
of 0.85%, is obtained.

Figure 3 represents a first embodiment of an
optical arrangement according to the present invention.

The arrangement represented_, called arrangement



“:equation (2) allows y' to be obtained fromD and 0'; - equation (4)
allows [err] to be obtained fromy 5 and y'; - equation (5) gives F fromy
and [err] In addition, the equation N = [err] (6) allows the f-nunber Nto
be obtained fromthe focal Iength F of the mocul ar device 11 and fromthe
di aneter, [err] of its 10 i |, These values are to be conpared with

t hose -cémonl y u%ediﬁnf?meéag EanﬁﬂYP%l‘%n%?%‘?%’r peri- scopes: - 2y
ying between 40 and 46 i dont group forued Byd bRSHEQEEL itk Ted:er ]
85 nm Equationl\é g| ves: [err] 20 accord| ng to the

speci fication, #E20% snal ler than is comonl y achi eved, hence the
difficulty of conbining The #ivomt phaxtadiserioxtatesl conl, tle shdesane whinh
provi di ng anlrra of Nty qual i S st or tion
(1) becones: =25 ehe® oBdEFves Cor TP e U cpHBiBsRT BEC o doiYergli |
di stortion. For bieonvexolensgrfcpnpepr Eronswprddyccopepvp mendisgusr 21i.hi s

21)Ir<r)\éwsng fj he r'egﬂe[erfﬂ:ntl:@ B35 3dé£:ixié‘d a&élybamﬁ egnad ﬂ%&%ﬂ which the
pondi ngly decreasin c en i's adyan

to introduce a o‘i’%’?%ﬂ’?ﬁngoi oﬁ)‘g %P% t’r?'éfeol%é’gﬂgﬁh d%‘\ﬁ é‘g%
order not to obtmylstemtdrst'me di:l.cmn‘wmllensage podsséesan tzp firoiit tlaa:l.us
bi nocul ar i ce,l Wi mhp ORpe? a IS +haD
tion (obj egﬁ{ve + ]a:bdga nocu dée%ﬂl crel-j,h Tf\é%%* o Q'\é gagg.é tog e
obt ai ned. Fi gur emenisgrasdht beénm FQFPE#BQUPM%F3ananépPPéach&‘ig@Went

dcgording to therpaeseds pevention. The arrangement represented, called
{jangement The rear part of the front group is formed by a
biconvex thick lens 22. The front and rear radii of the
15 biconvex lens 22 are respectively R5 and R6.
- a rear group composed of a doublet 23,24 bonded
to the plane rear face. )
The front radius of the rear group is R7 and the

central radius, forming the separation between the two

20 elements 23, 24 of the doublet, is RS.

Table 1 specifies the values of the thicknesses
following each radius represented, the values of the
various radii, and the material which follows each radius

. for the arrangement 1. '
o

25 In this embodiment, the convergent biconvex lens
20 is separated from the frontwardly concave meniscus 21
by a layer of air.

As specified in the table, t:he ‘rear radius R6 may
also be infinite, that is to say that the rear face of

30 the lens 22 may be plane (shown as a solid line in
Figure 3).

Figure 4 represents a variant of the arrangement
1 of Figure 2, corresponding to a preferred embodiment of
the. present invention, called arrangement 2.

35 The arrangement 2 consists in bonding the conver-
gent biconvex lens 20 to the frontwardly concave meniscus
21. A biconvex bonded doublet is thus formed. It should
be noted that the rear face of the biconvex bonded
doublet may be plane. The bonded meniscus 21 may have a



-v12 =.'1, is fornmed by two groups of lenses: - a front group fornmed by a
front part and a rear part. The front part is |located on the side on which
5 the observer 8 is and it consists of onvergent bi convex | ens 20 and
a frontwardly concave neni scus 21. The "Tr Is defined as being the side

onter “The bi coRieRs) s sAKE, 45, deties P&lﬁfﬂ??& 53, WBihd [¥ilg 9nd 27
radius [err] théehsoaﬂ and tbardmshﬁet @3,t B4 wemaipusimilari tg thogexif vel y
R3 and [err] ang g.ﬁg.gr q_d %iﬁ‘etﬁéi a%ag“ﬁm?r r g te@dsd hgnar Q;Tg lT:;;,{epup

is formed by a onvex 't hi | ens 2 ont and rear e 15
bi convex | ens 28hicknessggcbpingympdified. s rear group corrposed of a

doubl et 23, 84 bonded toTabgep! 2ne speedfiage. thee fuhidkneddess @ind haHear
group is [err] and the.central radi f or m separatiQ bet en the
two 20 el erreni“?‘gfé' ialg gy ?‘ie E‘ou#%t §nﬂ%’" §b§ 1 3EFEEF™ WF

val ues of the tprefeeseds embbdiment eﬁchheaﬂresenbpimsentém t he val ues of

the various radii, and the materi al whi flgl llovvs each radius for the
arrangenment 1. 25 In this enbodinent, the convergent biconvex

AT As LZeifF’f‘éﬁﬁgga{?&S”‘tta[‘fdi‘?ﬂ“‘?e%ﬁ?’glﬁf‘ﬁ;%ifSi’iﬁe eihd TVE 7

that is to say that the rearn¢aee(m) 30 the |@m 22 may mﬁﬁ% (shovvn

as a solid |line—+n— oth=e o). =t gure—d—represents—a—vartant of—the
arriangenent0l of 26iBre 2, c%’?s&%bondl ng to a #Ref&E & ed entBKA nent of the
resent i nventi ef—eatHtet—eartangenrent—2——35 Hre—arrangement—2

consi sts in bond20gR2he conv@r734ent bi convex |A&B.1ABto t L rontwardly
concave neni scus—

21,R3 3.410 -91.154 SF6
21,R4 0.836 1581.437 Air
22,R5 57.927 74.086 SF6
U 15  22,R6 0.294 o Air
23,R7 18.201 30.337 LaSFN30
23,24,R8  16.274 -53.147 SF57
KV/ Table 2
Surface Following thick- Radius Following
ness (mm) (xm) material
20 20,R1 31.002 77.535 BK7
20,21,R2 3.388 -93.087 _8F6
21,R3 0.692 747.621 Air
22,R4 56.647 81.223 SF6
22;§5 0.447 o Air
25 23,R6 17.641 29.104 LaSFN30
23,24,R7 16.181 -100.461 SF57

Figure 5 represents a variant of the arrangement



21. A:bi convex bonded doublet is thus forned. It should be noted that the
.Tear face of the biconvex bonded doubl et nay be plane. The bonded neni scus
21 may have a - 13 - plane rear face, as represented by the dotted |ine.
The lens 22 and the doublet 23, 24 renaih InTlar to those of Figure 1,

only the di mensi,ons _of .the radii .and of ,the thicknesses being nodified.

- 5 - F Tnggprfaeg%gaaﬂPeﬁgg.tﬁg %thi cknesses and the materials

used in the arrangenent The fxontlipart of thef front grbup mmd tle tbhear

present inventi Y enak oUW d I | ke | _
gm%uy cal P équgﬁé#o%% u&rranQ? 873

Fol I owi ng ness mat eri ¢ ,
91. 676 BK7meptR2 of Figure,4, only the dimensigns ofjthe)leuses
3.410 5 being9di¥ferent. SF6 21, R4 0. 836 1581. 437
Alr 22, R5 57.927 74. 086 SF6 1 22, 0.294
Air 23,R7 18. 201 The variant;gopgists i&sﬁﬁgengzf’?%m“%l.nm
-53. 147 - SF5éohxebe merdiachac Sl and-od | glasg phatk- 52 kRddhiplane and
Fol | ow ng ness 1iel al d MRSl 002
77.535 BK‘)’%, Jploface 3??8? or to Fot ﬂ-h’f&(?é‘f Part 32 ﬁ,%‘
0. 692 fronf greMp-  Air 22,R4 " 56.647 - 81. 223
SF6 22, R5 10 0.447 Tables 3 andcidl below ivepbiaﬂéles &% RSptical
17. 641 29.104 . . LaSFN3Q 23t24’ U 16. 181
-100.461  SF5I*EPBEPECR L SPESEAPORAIDE, PN ERST FaPmelrYaRfe fiqure 5.
i these being called respectively arrangement 3 and arrang-
N\ ement 4.
Table 3
15 Surface Following Radius (mm) Following

_ - thickness material
W | (_m) '

20,R1 31.474 81.226 BK7

20,21 R2 3.400 -86.352 SF6
. 21,R3 0.716 1147.70 Alr
U _

22,R4 15.066 92.924 SF6

20 22,R5 0.689 -709.581 Air

22,R6 42.430 o | SF6

22,R7  0.464 o Air

23,R9 18.487 29.013  LaSFN30

23,24,R9 16.078 -164.431 SF57




14 = 2 represented in Figure 4. The front part of the front group and the
.Tear group remain identical to those represented in arrange- nent 2 of
Figure 4, only the dinmensions of the |ens 5 being different. The variant
consists in using a frontwardly convex ne§1 scus 51 and a gl ass plate 52
W th plane and parallel faces in order égBL the rear part 22 of the
front group. 10 Tabl es 3 and gi ve exanpl es of optica
arrangenents corresponding to the geonetry of Figure 5, these being called
respectivel y arargerert—3—aft—arrarg—erenrt—4—Fabte—3—35—5Sufaee—
Fol | owi ng Backiface M) Following t hi cRaddas (mm) Following nateria

(nm) 20, RL 31. 474 thi ckheddb BK7 20, 21,22 3. 400
2 86. 352 SF6 21, R3 695%’1‘.%% 1147. 70 exial o R4
15. 066 92. 924 dpap) 20 22. R5 0. 689
-709.581 Arr—22R6 #2430 T SF6—22, R7
0. 464 [ @0 R1 24.9%0r 23 Ro 151. 561 15 4g7BK7 29. 013
LaSFN30 23, 24, Re- 16679 —64—A43% ~SE5F—Fae—A—Surf ace
Fol | owi ng Ra®i &L (RGT) F3.I384i ng t hi ckm@3s005 SF6 mat eri al
(mm) 20 24070 +54—564 BHF—2-6—5—RS 3-30
-77.005 5 SEPA,R3 21, R3 0.578 0.578 -352.297 - 352 RO¥ Ar 22 R4
19. 747 76-928 -8 SFO—R2—R5 4685 44992327
Ai r 22,R4 . 19.747 70.928 LaSF9
{
U | 22,R5 1.685 1192.327 Air

22,R6 42.456 e SF6

22,R7 0.493 © Air

10 23,R8 18.571 30.910 . LaSFN30

23,24,R9 14.258 -42.799 SF57

W, '

The bonded meniscus 21 may have a plane rear
face, as represented by the dotted line.

It should be noted that the arrangements 1,2,3

15 and 4 do not constitute an exhaustive list of the

\_/ configurational possibilities of a binocular device

according to the present invention, and that other

arrangements will easily be apparent to those skilled in

_ . the art without going beyond the scope of the invention.

20 In the case of the use of an arrangement accord-

ing to the invention in a niéht channel for-periscopes,

it is advantageous to make use of an angled lens among

those forming the binocular device. ‘The function of such

an angled lemns is to deflect- the light rays emerging

25 vertically from a light intensifier tube towards the
user'’s eyes. - ' : .

One advantageous enbodimént of the present
invention consists in making an angled component in the
rear part of the front group of the binocular device.

30 Thus, the rear group 'is on the axis of the intemsifier



22 R6 * 42.456 [err] SF6 22, R7 0. 493 .
Terr] Air 10 23, R8 18. 571 30. 910

LaSFN30 23, 24, R9 14. 258 -42.799 SF57 The bonded neni scus
21 may have a plane rear face, as represénl'@d' by the dotted line. It should
be noted that the,arr enents 1 3 and.4 do nstitute an
exhaustive i SE“BF' ?ﬁg ESﬁflwgit‘?%?éﬂe 56§§Fb?FPPPeé°g£°ﬁt5i the tight

devi ce accordi ngaye thzopghsefif andeditwtsatﬁemmadmr;m r Eugretrepd st W | |
easily be appargpl ¢h@ ERGRE GHbdbSChidt WA B! bayl LOOHEASOLRE RSOl

scope of the invention
arrangenent accdfdwontg be the iepen? oshich wonkhibe maglked fin Rlgumempes,

it is advansageguantos4nakda ehe glaas %mai:sdsieﬂﬁ Pigapet H0se formng the
bi nocul ar device. The fynction of, suc led_lens is to deflect t he

light rays energing 25 e?‘??‘?a?ﬁrf?'éﬂf%sa?fﬁrﬂf e RITeqeRt dReerthen ds
t he user's eyesisOtba&dthet apacugroupodisrformell bye apbearidd idubletOof

consists in makiy nt oup
of the binocul ar gew ce 3%95 |E hek-?etallirl‘il r%éfpgé%jﬁ %hté'p‘g% 3 aﬁ
i ntensifier dliﬁerepﬁbépdtmlémm dispngs#pant tgrmmamtﬁon he

light raysiphroupd UhruishtlidmgC tsoi-h@mah%husdf Estlsni:t gbeltﬁ)ﬁgeialnéeﬁh Shgg ?QL

. group, that is to say, towar
woul d be angl ed“FRYR §¥P8s T 33“3%&?}8 ﬁiéﬁﬁrfﬁgngggg§9p RefRE 5.
The main char accharabterdlktﬁ.heoprenenvari:w&t&notn |:Sa£:i‘ait:iwhe :txﬁvéx HHW 1S

farnmed by a bon rials having very high refractive
i ndi ces and di ffd'gfrl‘e:g % ﬁ?ﬁf di sgersi ons to. conpensate for 10

the chromatism for eanbPe %Pqﬂl nilepgpb @fas thendeubkenn 28ype24| dsieg(t he
di sper si ony bei ngegRbencd . 88FPaRAJICHEFICIRELE! PCiaf thid® feahatiediytH) of
refractive index, as_a
the lens combination of the optical arrangement.
The refractive indices of the two lenses of the
doublet lie between 1.5 and 1.95 and preferably between
1.75 and 1.95.

20 The purpose of the rear doublet is to let through
the rays into the overlap field without introducing on-
axis aberration.

One advantageous embodiment of the present
invention thus consists in locating the convergent lens
on the optical axis so as substantially to centre the
convex rear face of the convergent lens of the doublet in
the plane of the image.

The biconvex lens 24 of the doublet 23, 24
advantageously has a plane rear face so as to be able to
30 be easily coupled to a fibre assembly.

The light rays ent_:ering' the binocular device may
especially come from a light intensifier tube placed
gsubstantially perpendicular to an axis passing through
the. binocular device. This configuration of the linkage

35 ©between an intensifier tube and the binocular device
leads, however, to a smaller overlap field since it does
not allow the rays with too grazing an incidence to be
taken into account. This drawback is partly compensated
for by the bonding of the fibre [sic] to the doublet,



functi on of wavel ength). The focal length of the doublet 23, 24 lies 15
bet ween 0. 85F and 1. 05F, where F is the focal length of the |ens

conbi nati on of the optical arrangenent. The refractive indices of the two
| enses of the doublet Iie between 1.5 and™ 1195 and preferably between 1.75

and 1.95. 20 _ e purpqse of .the rear, doublet ig tq |et, through
the rays into thEBBVE?'FQSYf i & dc‘%ﬁ hg&f"’f‘ﬁﬁ‘od)tﬂ%g 2g‘n-°§xi %b&‘?‘aﬂﬁ)‘?ﬁ
One advant ageousthaebebiyneattbfic¢cinlly esindraanioyy i thet hapertusestof i rthe
| ocating the con nt - t i agy ially
to centre the co%géggfe'g#g%%%é%? ﬁke écig'né\ig'trsggg‘thtl éiﬁé %?eél%%é%gﬁ%la%i aﬁ'r# t he
pl ane of the ina§aye¥heohi Fefragtives indesf 1y hbekweonethes fikre and the
advant ageous§y hasuB1Btageul@dfehdl toStorall LettadRlitn! @£3¢ne R EASId1Y
coupled to a fibre assenbly. hehllg!gt rays nterlnf t he, bj pocul ar devi ce
may especial |y cBRBER EAYS ?‘F%rﬁ a5 ft P the preptap tietd giaging ip.
per pendi cul ar t oaesosdiagpassi rdhilshr enmjbdihent] nahed afibeesce. wHivls may
configuration of ' 0e.3 n | nt | f] ttipg
bi nocul ar devi cee%ggﬁgéﬂég\/\gse‘rﬁ,&g?gggx\éﬁafﬁégﬂ/Z%Séapa Y |]'?14c¥iej l"lt‘:{]q"’é:‘oees
not allow the rajatenshfies guhei Ry bendimgdence to be taken into account.
tThltshdrgwbéblfztstls par_tll¥ ASREdct fltlslad?brtasgibh,awpnOHm?aofpézﬁfsifb h;e [ie]
o the doubl et, - - especia 0 .t.he biconvex | ens e
toubl ot -t her ebyRs@RE( FERERRY i G8RsTh T FEARr Vo, EOERERBoR! GRLY e
reagon for this psvbbahgt hefheetenc®: axid xheabinbautar dévieéril tdre ablieX
1 petween the fibre t d | | e otal refractjon of
t(h'e})m' d-inci- de Ser?ggg'ean °taf'1:era'e19’%%§i:°3\i?% SVerﬁat&%Tiitseltc%‘B(ﬁ'osﬁh%g ﬂler?.r
According to thigrenbodRAers) imefixedcandkheifrant anenn 420, e 22) is
magni fyi ng {5bregred fodksLat8URbSAL! €né Exis passing through the inten-

gifier tube.

It should be noted that it is also possible to
interpose a simple glass instead of the fibre wafer

between the intensifier tube and the binocular device

-/ 20 according to the present invention.

Table 5 below gives the values and spreads of the
focal lengths of each of the lenses 20 to 24 for the four
arrangement examples represented.

N ‘Table 5

Arrange- Arrange-~ Arrange- Arrange~- Spread

ment 1 ment 2 ment 3 ment 4
25 20 2.34F 2.17F 2.16F 2.55F 2.16F/2.55¥F
21 . -2.63 F -2.53 F ~-2.46F -3.03F -2.46F/-3.03F
22 2.27F 2.49¥% 2.54F 2.17F 2.177/2.54 ¥
23 0.66F 0.74F 0.80F 0.62F 0.62F/0.80 F

24 -1.54F -2.92F -4.79F ~-l1.24F -4 ,.79F/-1.24F




i ntensifier tube by bonding. 10 As described previously, in a
-peri scope, the night channel is generally free to rotate and only the
pivoting reflector 5 and the binocul ar dev'ge 11 are able to rotate about a
vertical axis. In this case, the rear grbd% (23,24) is fixed and the front

group-1L0, 21,22) is 15 egti0 | i assing.thr h the
inten- Sifier tube. It gﬁ%&?ds blgejr:]%% %‘Q{%g?ﬁ |tet bpgugésgngoégf%?%s t%g%e
i nt erpose a si nfpeadl skengtha caf aghcofi he wWirerthandecreane groupsi fi er

tube and the bi agﬁuhagngeg'hcghgoarraﬁggﬁgﬁggaagﬁég@. present invention.

Tabl e 5 bel ow gi ves the val ues and spreads of the focal |engths of each of
the lenses 20 to 24 for the four arrangenent exanples represented. Table 5
Arrange- Arrange- Arrange- Arrange- Tgpleag nent 1 ment 2 ment 3
ment 4 25 20 2. 34F 2. 17F 2. 16F 2. 55F 2. 16F/ 2. 55F 21
-2:63 F -2.53 F -2. 46F -3. 03F -2.46F/ -3.03F 22 2.27F 2. 49F

2. 54F 2. 17F Z T/ 2. 54 F. 23 .0.66 0. /jﬁli' —U. g%— 0. 62F
0.62F/0.80 F 24 -1.54FAFrargeny,Arrangg-;frranger , fprrange; ogpyead o -
Tabl e 6 bel ow gi ven t he meatuts areprReadsmenrtthe f ®eWe fengt hs of each of
the front and rear Qgroups,. . dependlng._on tne arl angemnent _adopted. . _1AbDLE. 6
Arrange- ABrangeEroRk r 1§8F Arr‘é'r?%g- SpPedtF nent 24Fpent 594544235
ment 4 5 Fr ontgxraip09F 2. 16F 2. 23F 1. 94F 1. 94F/ 2. 23F group
Rear 0.96F  H—9tF——0—9F o9 F—— O 9F 0 9SF T oUT 10
kt/shoul d be not &RP&tat 0-BAFTabl e-33Fand 69-e spr PaddFof ealh3F/hgoF
correspond respecgatl y to the values of the focal |engths of these | enses
in the ‘

10 It should be noted that, in Tables 5 and 6, the
spreads of each lens correspond respectivel_y to the
values of the focal lengths of these lenses in the
arrangements 3 and 4.

(U Table 7 below gives the ranges of variation in

15 the refractive indices and in the constringences of each
of the lenses 20 to 24 for the spectral band of the
"phosphor® P,,. The "phosphor" P,, is used on the output
screens of some intensifier tubes.

Table 7
20 Lens 20 21 22 23 24
Index 1.48 to 1.75 1.75 to 1.85 1.75 to 1.95 1.75 to 1.95 1.75 to 1.95
Constr- 40 to 70 20 to 30 20 to 50 30 to 50 20 to 30

ingence

The following values were used for the four above
25 arrangements:

- ¢ > = 96 mm

- F= 40 nm

for an F/0.42 aperture.

Pin-cushion distortion has been deliberately
30 introduced into the above arrangements to compensate for

that of the objective of the night channel and the



arrangenents 3 and 4. Table 7 bel ow gives the ranges of variation in 15
.the refractive indices and in the constringences of each of the |lenses 20
to 24 for the spectral band of the "phosp cg [err] The phosphor™ [err] is
used on the output screens of sone intensifler tubes. Table 7 20 Lens

20 v 43 7 1.75to
P85 175 101 BinqeyLeF field 14 grentar gt i mar, ol 40 8 Gron 53
20 to 50 30 tsubgtantialliy equakgbac? mhe fol | owi ng values wer e used for

the four above 25  arrgpRgegeniRe [Hi{id dids of 4hd"Pri¥sedit Fiddretd i
Pi n-cushi on distortion has been %Iel | ber%t els yo 30 d“lﬁ;t rsoduceld I nt Qﬁﬁe above

arrangenments tot@omeFreste FBe @barrations opf ethie SHFteRe RsRRciaidin

and the 5 19astbgmeﬂbaraﬁaeéd:vstﬂfeatcnfﬁatmmsewma[a@fﬂe:.(nfgor
substantially e uaI to 2 pres vent i on
is to correct tTR®aBE*Pat? §w8f tal?glgﬁ;?garﬁ‘mgsg%% §7a;'5 S:t"'t T and
curvature. Curvesmvesi s Agdfigmatism miqurs hehemathef fiownl sdjstantearis
tangential, ast c S t cc h o] t;ance
is different foéggﬁéfﬁlglr:l ;%)ynzfalth%aglgtglggf’ﬁ%? vggrt?ca %aﬁogzten??al'élcgl

di rections. 10 (tangentia%tﬁiﬁﬁﬁ?F%ﬂWs general |y controlled by neans of a

pattern copgi sting of aw%?mexsﬁf idegbheph1 Dy 66htZOILIEE BY meahsiWee ©

represents the asti rratlsm |ines qf the arran eme

i nter-pupil separ RFOEH chP ?ef%?%?t‘ﬁ% reeﬂ"r"@sc@ﬁt
conprlses as horizontal bars. _

K,/_ Figure 6 represents the astigmatism focal lines

of the arrangement 2 for an inter-pupil separation of 64

15 mm. |
The reference frame represented comprises, as

abscissa, the focal distance in dioptres of the arrange-
ment studied and, as o:dinate, the height of the cbject
point in question.

20 Curve 60 corresponds to the sagittal astigmatism
focal line and curve 61 to the tangential astigmatism
curve. The interval 63 corresponds to the zone of binocu-
lar vision (the field zone seen simultaneocusly by both

o eyes or the overlapping field).

\Vj 25 Over this portion of the field, the astigmatism
is much less than 0.5 dioptres, thereby allowing the
cbserver to merge the images seen by each of his eyes
without any difficulty.

The image exhibits no or very little curvature so
30 that it is seen in one plane. Nevertheless, it is poss-
ible to develop variants with greater curvature so as to
give the system the degree of freedom necessary to reduce
the field-edge astigmatism.
- The focal length of an optical system according
35 to the present invention is very short, of the order of
40 mm.
The power distribution is as follows for each of

the groups:



absci ssa, the focal distance in dioptres of the arrange- ment studied and,
.as ordinate, the height of the object point in question. 20 Curve
60 corresponds to the sagittal astigmatismfocal |ine and curve 61 to the
tangential astigmatismcurve. The int ervalt%3 corresponds to the zone of

bi nocu |ar vision (the field zone J taneously by both or the
over [:appi ng field). 25§ront groupO/éM‘%or‘ﬁ L%J"t%é’ﬁqre‘l cf%yf

astigmatismis much |l ess than 0.5 dioptres, thereby méaovpagtt haFAHsEFver
to nerge the inmages s yxeaﬁp.of ' i thout any difficulty. The
i mge exhibits no or \?‘g%lbl?tt e cuo['r\;éaﬁrﬁg'q’?gv%o that it is seen in one
pl ane. Neverthel ess, itThe pwesent pinventiencigpesperialiyvinkended: &p
curvature sp ad 0 dh¥@ the SyHilgHe-IdHandRar eﬁ%éﬁiéécﬁ%@m £EE €S aghbubrad
reduce the fiel d-e,c'i%g ast.i _magl,sm T fotgal .engl%h S'f' gn.opti gal sxstem
according 35 YeRIFheSy S (CHIR ARBGFARAP O0% L1 ipHa SFqRPIBE 40
mm The power (odgilile | Box i shesopbitalissystemaabicotdihg toothe: inven-20 -
- front group: L. 75F Fawth f t 13k A - rear
group: 0.85F/ 1. } %%gﬁpr%gsegn? P%\ggnﬁ)nof:ggésgggpﬁy&%\%eenégg‘gfgggr be
used in nightdevigrr|argaeedehde Fidow ghaapvatriashi cles, but this
application is.-not limting, it being possible for the optical system
according to the inven- tion also to be used in other fields where

bi nocul ar devices are needed to all ow observati on. CLAI M5

A4

U



1 © B nocul ar optical system of the type formed by _two groups, a front
“group (20,21,22) and a rear group (23, 24) "front" demmatl n t he side

on which the 5 observer (8) is and ' 25# the side on l"' llﬂﬂ"“ﬂ "Lt
;

.fays enter, characterized in that the sal ‘ont group
part .(20,21) and a rear part (22), th61§éé#%fart bei ng f or med y a
convergent biconvex lens (20) and a fro y concave neniscus (21), and
in that 10 the said rear group (23,24) is forned by a bonded doubl et

(23,24) with a plane r 0 g ve o X g ed
to a divergent ?ens tﬁgigg?gf?gngggig t gsggtlﬂd S'Bg ?f%%l %?%gbg%i
havi ng di f f er enfWRngTOYREr e FenfERRt EF?BEréPBan 2% a@&mngaw gricyp
the 15 chronatzsmuhe f Dt erwdige.fattlhg sghd d@i@éetoﬂ 23urdion | Wy
bet ween 0 855F r% z_‘QSF Wgere JLhe fog:%d I ejtrwf?th of the sahd hi.nocul ar
devi ce. BETYST {98t &R 3@ or dioAG t 9 onnwhichefrhe Jdght,
t hat fthe cent r ecays ogr;mur@aﬁaqmifze@hunf thatoth&(said Hixrcast (i_l;ﬁl:ﬂ!.ﬂ)li@t i's
P el oy FEf 52 a Sdcnd Fre A, 219 RRPRLUAI RSN G3YhE | "

t he plane of fornmation of t tem ‘ac
either one offxenf nﬁaf"—aﬁ??’-zlg ebYzéd qu‘tmettmebiMEezs dfenLShe 25

convergent convezo) m(ﬁ&ko&maeawhaoﬂba@é%éhé&m (2, ldrfa Bef wRaR 1. 75

d 1.95 t el t di t d 4
For el Tonair diS A3, senn SERUELAPY- Pk LR ATiRo Y & Pipded dpublet
‘bl/COI’lVEX | ens (m«) 2490 with a plafet im=air Eg@éemmihglgat eohvairfeht

(charac- teri zeqzér{{,%ai?ﬁ%mb c gvgr‘gf{;éjf,gé&gni/%sf agﬁa %01ga?% tg?eofsal d

concave neni scus ront are sepa

air. 6. onf cthe %?B@eh?%@%@r@?“@leb (23i 24X, hatiamadifSErenteanded in
that the said et tdiHF 0N\ epe@ a3 ohg0) #8d té&ﬁ@dﬁggnc% MeRiL,gCcus
(21) of the sai ront art are borld d sg.as to _forma doubple

Opt i cal lsr’yst eggrﬁh of the said doublet (23 24)

1y:|.ng between 0 85F and 1.05F, where F is the focal

length of the said binocular device.

Y 2. Optical syst:em_ according to Claim 1, character-
ized in that the centre of curvature of the front face of

20 the said doublet is positioned on the optical axis (26)
so as to be approximately centered in the plane of

~ formation of the image.
3. Optical system according to either onme of
Claims 1 and 2, characterized in that the indices of the

25 convergent convex lens (23) and of the divergent lens
(24) lie between 1.75 and 1.95 approximately.

4. Optical system. according to Claim 4 [sic],
characterized in that the said rear part (22) is formed
by a biconvex lens (22).

30 5. Optical system according to Claim 4, charac-
terized in that the said convergent biconvex lens (20)
and the said concave meniscus (21) of the said front part
are separated by a layer of air.

6. Optical system according to Claim 4, charac-

35 terized in that the said convergent biconvex lens (20)
‘and the said concave meniscus (21) of the said front part
are bonded so as to form a doublet.

7. Optical system according to Claim 1,



characterized in that the said rear part (22) is forned by
| eéhs (22), the rear face of which is plane. 8. opti cal ﬂﬂ!ﬂ m'ﬂ l,”U",
according to Caim1, character-“5 ized in that the said re

formed by a glass plate (52) with plane and“farallel faces that is conbi *ned

vmthaffontward convexrre us | ocat ¢ between h fron
B bR DB "Tear g, bRl

part {29, 21)

system accor di ng Hwo anplane -cbnekxi keng 1(823, d:lhar a:xﬁasrlﬁama |¢Ethhichhés
said rear part (?t? ? angl ed. 10.- optical system according to any one
of ains 1 to 9" applied to an intensifier tube (10) for a night 15
channel of a peri%cope, i9P%ifah Systemiasecording bk vEbaimnk. sehazacserput

(1f5_) bof thfe S@Ld %&éﬂtiﬂ rmm;sith'cl?eea&glbs?a? dPe g i HoieldS by avgﬂstsﬁby
a | Dre war er onde e ou e reen O e
said intensifier R4d (I‘(%} "%(f&“ pg ? eﬁ%‘iﬂﬂ 52’@6? an °’PB

one of Cains 1 tvmt:’llf) acﬂ:aomﬁrerdhedcomvéﬁaﬁenimmresﬂ)s Mcahedfbeaiween
| engt hs of the S (2 22 d rear 3, S pectiyely
gt]l.!ﬂean dQQ d Qrgét aZt 0(‘5353&2 safd Q%_XS%

i e between 5F and between appr ox1 mat
12. Per i scop@%ﬁﬁ piﬁ'ﬂwth an optical system accord ing to any one of

Caims 1 togl. g, Optical system according to any one of Claims 1
to 8, characterized in that the said rear part (22) is

vy angled. ‘
N\ io0. Optical system according to any one of Claims 1
to 9, applied to an intensifier tube {10) for a night

15 channel of a periscope, in which an optical link between
the screen output (15) of the said light intensifier tube
and the said system is provided by a fibre wafer bonded
to the said doublet (23,24) and to the screen of the said
intensifier tube (10).

20 11. Optical system according to any one of Claims 1
to 10, characterized in that the spreads of the focal
lengths of the said front (20,21,22) and rear (23,24)
groups respectively 1lie between 1.75F and 2.5F and

o between 0.85F and 1.05F approximately. '

A% 25 12. Periscope equipped with an optical system accord-

ing to any one of Claims 1 to 11.



