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The present application relates to an integrated 4 day and night
silghting system and to a |aser 5 rangefinder having the
integrated day and night:- 6 sighting system This invention
addresses thevQe¥H3®® 7 for nininum size and weight | RCTSPNIEN3
| aser 8 rangefinders used by mlitary ground forces in 9
nighttinme as well as daytine conditions. Integrated 10 optics are
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sight; telescopic night vision 12 sight; sighting reference (e.g.,
crosshair reticle)

1 CKGROUND OF E IO

2

3 The present application relates to an integrated
4 day and night sighting system and to a 1laser
5 rangefinder having the integrated day and night
6 sighting system. This invention addresses the need
7 for minimum size and weight in handheld laser
8 rangefinders used by military ground £forces in
9 nighttime as well as daytime conditions. Integrated
10 optics are needed to provide the following functions:
11 a telescopic day vision sight; telescopic night vision
1z sight; sighting reference (e.g., crosshair reticle)
13 for both day and night operations; laser beam
14 divergence reduction; and target return signal
1s collection and focusing onto a laser ranging receiver.
16 Telescopic day vision is usually achieved with
17 direct view optics such as used in conventional
18 telescopes and binoculars. These optics operate in
19 the human wvisual light spectrum of 0.4 to 0.7 um
20 wavelength. In their simplest form they comprise an
21 objective lens that focuses the scene image onto the
22 focal plane of an eyepiece. The ratio of objective
23 focal length to eyepiece focal length establishes the
24 magnification. To present a non-inverted image to the
25 user, an imaging erection prism is added betweern the
26 objective lens and the focal plane.
27 Telescopic night vision is achieved with an image
28 converter, which can be an image intensifier or a
29 thermal imaging module. Objective optics collect the
30 scene light and focus it onto the image converter.
31 The input aperture of these optics needs to be as
32 large as possible (small f-number) to maximize image
33 intensity at the image converter. The image



13 for both day and night operations; |aser beam 14 di ver gence
~reduction; and target return signal 15 col l ection and focusing onto a
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The inmage 6 an eyepiece. This operates in the 0.7-1.1 um
7 wavelength region. The simplest thermal imaging
8 module comprises an uncooled, staring (non-scanned)
9 detector array whose output is presented to a flat

10 panel display that is viewed with an eyepiece. This
11 operates in the 8 to 14 um wavelength region. Other
12 implementations of a thermal imaging module can
13 operate in the 3 to 5 um wavelength region, employ
14 thermoelectric or Stirling cooled detectors, and/or
15 use a cathode ray tube (CRT) as the display.

16 To aim a laser rangefinder requires a sighting
17 reference, such as a crosshairs reticle, that

is boresights the day and night vision optics to the

19 laser beam. The reticle can take a number of forms.
20 A day sight can use a passive reticle plate residing
21 in the common focal planes of the objective and
22 eyepiece. An image intensified sight can produce the
23 reticle with a light emitting diode (LED) array and
24 project it into the eyepiece using a beamsplitter to
25 combine the image intensifier image and the reticle.
26 A thermal imaging sight can produce the reticle on the
27 flat panel or CRT display. The two latter forms of
28 the reticle alsc allow alphanumeric data and/or
29 indicators to be displayed without additional
30 elements.

31 The output beam divergence of a laser transmitter
32 (resonator) is not usually narrow enough to produce a
33 small spot on a distant target such as a vehicle so

34 that an afocal beam collimation telescope is



WD 97/ 11399 _ PCT/ US96/ 13403

2 .1 intensifier is a single copponent inwhich a weak 2 (npponlit
starlit) scene inmage focused on the input 3 phot ocat hode produces
electrons that are anplified and 4 directed to a phosphor coating on
the output surface 5 where they produce an anplified inmage for view ng
with 6  anWogjalPece. This operates in the 0.7-1. PCI{I§o6/13403
wavel ength region. The sinplest thermal imaging 8 nodul e
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4 divergence is reduced. To avoid possible eye damage

5 to a person accidentally exposed to the beam, the

6 laser wavelength is commonly in the 1.5 um region, for

7 which the eye has poor transmission.

8 The laser receiver requires optics to collect

9 return signal power from the target and focus it onto
10 the receiver’s detector. Maximum input aperture
11 results in maximum range capability. The receiver
12 incorporates an optical filter to minimize sunlight
13 detection and thereby maximize receiver sensitivity.
14 The above functions can be achieved with separate
15 apertures and corresponding optical arrangements.
16 However, striving for a single aperture and using
17 optical elements for more than one function minimizes
18 the size of the optics. That is the aim of this
19 invention. The invention is applicable not only to a
20 handheld laser rangefinder but to any rangefinder and
21 to any day and night sighting system.

22 The Phillips patent No. 5,084,780, for a
23 telescopic sight for day/night viewing illustrates a
24 scope adaptable for use on weapons and includes a
25 ‘single objective lens with two parallel light paths,
26 one for day viewing and one for night viewing.
27 Separating mirrors transmit light from the objective
28 along the night path and reflects light from the
29 objective lens to the day path. The night path
30 includes an image intensifier assembly. A mirror at
31 the end of the night path reflects the light from the
32 image intensifier assembly to a beam splitter on the

33 day path. The beam splitter transmits the light from
34 the day path and reflects the light from the night



16 To aima |aser rangefinder requires a sighting 17 r ef er ence,
such as a crosshairs reticle, that 18 boresi ghts the day and ni ght
“vision optics to the 19 | aser beam The reticle can take a nunber of
fornﬁ. A day sight can use a passive reticle plate residing 21
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S for the day path Since thls embodiment has two

6 separate objective lens assemblies, separating mirrors
7 are not included. A third embodiment includes a
8 projected aiming reticle in a direct view for day
9 viewing, which replaces one of the objective lens
10 assemblies. This prior patent combines the daytime
11 and nighttime optics in a telescopic sight by
12 separating the optics into two separate paths between
13 the objective lens and the eyepiece assembly. In
14 contrast, the present invention uses a coaxially

15 mounted lens with a night light mirror objective lens
16 in the same optic path for the day and night light.

17

18 SUMMARY OF THE INVENTION

19

20 An integrated day and night sighting system and
21 laser rangefinder apparatus has a refractive day sight
22 having an objective lens, an image erecting prism, and
23 an eyepiece and a night sight having a reflective
24 objective, an image converter module, and the same
25 eyepiece as the day sight. The objective includes
26 primary and secondary mirrors (e.g., a Cassegrain
27 design) that are coaxial with the day sight. This
28 objective has an aperture larger than the day sight,
29 and the day sight objective lens blocks the central
30 portion of the night sight aperture. A lens
31 introduced in the day sight has one surface coated for
32 transmission of visual wavelengths and reflection of
33 infrared wavelengths and acts as the secondary mirror

34 for the night sight objective. The image converter



WD 97/ 11399 PCT/ US96/ 13403

3 1 necessary. This conprises._a negative power input lens 2 and a
positive power output |ens. The resulting 3 out put beam dianeter

is enlarged and the beam 4 divergence is reduced. To avoid
possi bl e eye danmage 5 to a person accidentally exposed to the beam the
6 |laser wavWpOmaIM®is commonly in the 1.5 umregion, for FPCI/USIGEMBY t he

eye has poor transm ssion. 8 - The | aser receiver requires optics to
col | ect 9 return signal power fromthe target and focus it onto 10
the receiver's detector. Maxi mum i nputs aperture 11 results in
maxi mum range capability. The receiver 12 I ncor porates an optical
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5 the same location as the focal plane of the day sight.

6 This allows the same eyepiece to be used for both day
7 and night sights. The image converter module can be
8 rotated or translated out of view for day sighting and
9 into view for night sighting.
10 If the lens surface that acts as the secondary
11 mirror for the night sight is coated to reflect
12 essentially all wavelengths longer than the wvisual
" 13 spectrum, then it will block wavelengths coming
14 through the day channel that would cause night image
15 washout (loss of contrast). Similarly, there would be
16 no washout in the day sight due to unfocused wvisual
17 wavelengths coming through the night channel.
18  However, for maximum night sight sensitivity, it is
19 desirable to achieve a spectral crossover region of
20 the image intensifier and visual spectra that lies in
21 the red region of the latter. In that case, selection
22 of one or more materials and coatings in the day sight
23 channel can provide the additional wavelength blocking
24 to prevent night image washout, and a coating on the
25 display beamsplitter cube can block the residual
26 visual red coming from the night channel and
27 interfering with the day image.
28 A sighting reference and data display includes an
29 active source, such as an LED array, and a
30 beamsplitter. The reticle is placed at the
31 beamsplitter-reflected focal plane of the eyepiece.
32 Thus, the day or night sight scene image, reticle,
33 and data display are superimposed when viewed through

34 the eyepiece. Night sight boresight is achieved by



18 the size of the optics. That is the aimof this 19 I nventi on.
The invention is applicable not only to a 20 handhel d | aser rangefi nder
“but to any rangefinder and 21 to any day and ni ght sighting system

22 The Phillips patent No. 5,084,780, for a tel escopic
sight for viewing illustrates a 24 scope adapt se on
megpons and |Hﬂk gb% a 25 single objective lens with tmoq%gﬁhﬁﬁ I i ght
pat hs, 26 one for day view ng and one for night view ng. 27 Separ ati ng
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ni ght 4 module or by use of benchtop focusing optics that

5 produce a burn spot visible in the sight). Day sight
6 boresight is achieved by using Risley prisms in the
7 day sight optics to allow the image of the laser spot
8 to be centered on the reticle. The image converter
9 module position in the focal plane is not critical to
10 boresight because the output image is always in the
11 same relationship to the input image.
12 A laser beam collimation telescope has the same
13 objective lens as the day sight, a beamsplitter, and
14 an input negative lens. The beamsplitter is coated
15 for transmission of visual wavelengths and reflection
16 of the laser wavelength. Additional optics useful for
17 aligning the output beam of the laser transmitter with
18 the telescope axis are: Risley prisms for angular
19 alignment and a steering block for translational

20 alignment.

21 The laser receiver optics has the same reflective
22 objective as the night sight, a beamsplitter, and a
23 lens to set the desired focal length and allow the

24 receiver to be positioned outside of the optical area.

25 The beamsplitter is coated for transmission of visual
26 and IR wavelengths and reflection of the laser
27 wavelength.

28 Corrective optics for the night sight has two
29 tilted 1lenses with central openings to - avoid
30 interference with the day sight and laser telescope.

31 These lenses allow use of a simple spherical surface
32 on the primary mirror, and tilting these lenses

33 corrects the astigmatism induced in the night sight
34 image by the 1laser receiver beamsplitter. The
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4 1 path along the same path ta an ocular assenbly for 2 viewng.
A second embodi nent is sinilar except that 3 it contains two

Oli'j ective lens assenblies for 4 collecting the light, one for the
night path and one 5 for the day path. Since this enbodi nent has two
6 separate WOPEHSM%e | ens assenblies, separating mirrors PCTUSIHIE3N ot

i ncl uded. A third embodi ment includes a 8 projected aimng reticle in
a direct view for day 9 viewing, which replaces one of the objective
| ens 10 assenblies. This prior patent cbnbines the daytine 11 and
nighttime optics in a telescopic sight by rati ng the
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THE | NVENTI ON 4 19 Performance-

5

6 BRIEF _DESCRIPTION OF THE DRAWINGS

7

8 Other objects, features, and advantages of the

9 present invention will be apparent from the written
10 description and the drawings in which:

11 Figure 1 is a sighting system and laser
12 rangefinder optical schematic in accordance with the
13 present invention;
14 Figure 2 is the optical schematic of Figure 1
15 having the daylight light path;

16 Figure 3 is the optical schematic of Figure 1
17 having the night light path;
18 Figure 4 is the optical schematic of Figure: 1
19 having the reticle/display path;
20 Figure 5 is the optical schematic of Figure 1
21 having the laser rangefinder transmitter light path;
22 Figure 6 is the optical schematic of Figure 1
23 having the laser rangefinder receiver light path;
24 Figure 7 is an elevation of the swing latching
25 mechanism for the image intensifier; and
26 Figure 8 is an optical schematic of an
27 alternative embodiment of a sighting system having a
28 thermal imager.
29
30 ETAILED F EFERRED EMBODIMENT
31
32 Referring to the drawings, Figure 1, an

33 integrated day and night sight laser rangefinder 10
34 illustrates the  |basic implementation of the



20 An integrated day and night sighting system and 21 | aser
“rangefinder apparatus has a refractive day sight 22 havi ng an obj ective
Igns, an i mage erecting prism and 23 an eyepi ece and a ni ght sight
having a reflective 24 obj ective, an imge converter nodule, and the

sane - 25 epi as the day sight. The obj ective incl
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central 30 portion of the night sigft aperture. A lens 31

I ntroduced in heqﬁgg_‘ i a ! cat&%-r \/336 r 1 SSi on

of vi sual vvavelt‘Lengt S ierf.g.'ﬁ}dg. lg@}%&ﬂ%ﬁ&%ﬁgg ¥ in r’Ial(r&eldd. e?%ngﬁﬂéﬂgnd

acts as the se@onda#ighti r pepfigummticnyr apfe Icdneesi ght wéBARE! ilde. £0T The

| mage converteng sealingdPh@76pE 888 within a housing. A pair of night

PCT/ US96/ 13403 . .
4 sight corrector lenses 12 and 13 have an opening 14

through their center to provide for the day objective

lens 15. The day objective lens 15 also serves as the

positive objective lens for the laser transmitter

telescope for which lens 16 is the negative input

W ® 3 o

lens. An eyepiece lens assembly 17 is mounted at the
10 outer end of the daylight optical path, which optical
11 path includes a daylight negative lens 18 to set focal
12 length, followed by a pair of day Risley prisms 20, a

13 Schmidt/Pechan image erecting prism 21, and lens 22
14 whose primary purpose is to provide a surface that
15 acts as the night secondary mirror. The night primary
16  mirror 23 has an aperture 24 therethrough. An image
17 intensifier 25 is shown in the light path behind the
18 night primary mirror and is adapted to be swung out of
19 the light path behind the opening 24 and the night
20 primary mirror 23. That is, the image intensifier 25
21 can be put into the path along the sighting system
22 central axis 26 or removed from the path, which is
23 done by the operator through manual or electrically

24 actuated means. The reticle display 27 is produced by
25 an LED and a lens 28 provides correction as required.
26 Beam splitter 30 directs the reticle display into the

27 eyepiece lens 17. The image intensifier 25 includes
28 a photocathode surface 31 and a phosphor screen 32
29 which produces the intensified image.

30 The laser rangefinder portion of the system
31 includes the laser transmitter 33 which directs a
32 laser beam through the laser beam alignment optics 34
33 and laser telescope negative lens 16 against a mirror

34 35 and onto a beam splitter 36 which directs the beam



1 nodul e can be an inmage intensifier or a thermal 2 I magi ng nodul e.
.The_j.nput surface of the |mage 3 converter is placed at the focal
pl.ane of the night 4 si ght objective, and the output surface is placed
att 5 the sanme location as the focal pl ane of the day sight. 6 This
al l ows the sane eyepi ece to be used for both day 7 and ni ght sights.
The i nage corWwemdv/@s9hodul e can be 8 rotated or transl at RETASI/BR0Y, | ey
for day sighting and 9 into view for night sighting. 10 If the
| ens surface that acts as the secondary 11 mrror for the night sight
Is coated to reflect 12 essentially all wavel engths | onger than the
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latter. |In that case, selection

6 receiver lens 38 that sets focal length and onto a
7 surface of a detector in the receiver 40, which
8 detects the return beam for determining the range of
9 an object which has been aimed with the rangefinder.
10 The integrated day/night sight and laser
11 rangefinder in accordance with Figure 1 provides for
12 a coaxial day and night sight configuration in which
13 the day sight uses refractive optics for a light path
14 following the central axis 26 from the objective lens

15 15 to the eyepiece lens 17, as illustrated in Figure
16 2. The light path 41 passes through the window 11 and
17 through the daylight objective lens 15 where it is
18 refracted through the aperture 14 of the lens 13 and
19 passes through the beam splitter 36 and through the
20 daylight negative lens and day risleys 20 and through
21 the Schmidt/Pechan prism 21 whereupon the light path
22 passes through the night secondary mirror 22 and
23 through the night primary mirror 23 central opening
24 24 .

25 As seen in Figure 2, the image intensifier 25 of
26 Figure 1 has been moved out of the daylight light path
27 along the axis 26 so that the daylight light path 41
28 passes directly through the beam splitter 30 and
29 through the eyepiece lens 17. Thus, during daylight

30 hours, visible light is used for sighting a target for
31 the rangefinder. A user can sight and align the
32 rangefinder for determining the range to an object at

33 which time the output from the laser 33 through the
34 laser output optics 34 and negative lens 16 is



22 of one or nore materials and coatings in the day sight 23  channel

can provide the additional wavel ength bl ocking 24 to prevent night

' page washout, and a coating on the 25 di spl ay beansplitter cube can
bfock the residual visual red coming from the night channel

and 27 I nt mnth t he day i mage. 28 A sighti gce and
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2 and out the daylight objective lens 15, which is also.
3 the laser output lens. The laser beam is directed
4 towards the target and the return signal is reflected
5 by the receiver beam splitter 37 and directed against
6 the receiver 40.
7 Turning to Figure 3, the optical schematic of
8 Figures 1 and 2 is illustrated having the night sight
9 light path 42 illustrated. The night 1light
10 wavelengths of interest are those in the infrared
11 suitable for use with an image intensifier 32 or an
12 alternative thermal imager. The image intensifier is
13 sensitive to wavelengths in the far red to near
14 infrared portion of the spectrum. The night light or
15 infrared energy passing through the night light path
16 42 passes the window 11, which is transparent to both
17 vigible and infrared light, and through the night
18 objective corrector lenses 12 and 13 centered around
19 the daylight objective lens 15 where the infrared
20 energy is directed against the night primary mirror
21 23. The primary mirror 23 reflects the infrared light
22 onto lens 22 which acts as the night secondary mirror.
23 The lens 22 is coated to transmit visual wavelengths
24 and to reflect infrared wavelengths. If the night
25 sight uses an image intensifier, the coating reflects
26 far red to near infrared. 1If the night sight uses a
27 thermal imager, the coating reflects either mid IR in
28 the 3-S5 um band or the long IR in the 8-14 um band.
29 The night light is reflected by the night secondary
30 mirror 22 through the opening 24 in the night primary
31 mirror 23 and onto the receptor surface 31 of the
32 image intensifier or thermal imagér 25 where the image
33 is displayed as visible light on the screen 32. The
34 image on screen 32 is seen by the user through the
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The coaxial design, as illustrated in Figures 1-
3, takes advantage of the two different focal planes
for the day and night sight and swings the image
intensifier 25 onto the common optical axis 26 when
employing the night sight. This allows the use of the
same eyepiece for both day and night sight. Night
sight optics require a faster design than the day
sight so the night sight focal plane can occur at the
input plane of the intensifier. The output plane 32
of the intensifier in the day sight focal plane can be
coplanar with the daysight image plane as required for
use of a common eyepiece lens 17. The night sight
boresight is insensitive to an intensifier cross-axis
position so the swinging of the image intensifier into
and out of alignment with the light does not have to
be achieved with a high degree of tolerance. It
should also be realized that the image intensifier 25
can also be a thermal night sight module which is
merely substituted for the image intensifier. One
implementation of this is with an uncecoled focal plane
detector array and a small flat panel display, such as
an LCD display, and the required electronics for the
thermal night sight module can be integrated or can be
a separate package.

Turning to Figure 4, the optical schematic of
Figure 1 is illustrated with the LED reticle and
display ray path. The reticle/display 1light 43,
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central opewg}galsggo avoi d 30 interference with the ﬁﬁr,‘ét'?’a

| aser tel esco

These | enses al |l ow use of a sinple sphe

surface on the primary nmirror, and tilting these |enses 33
corrects the astigmati sminduced in the nigpt si ght 34 i mage by

| aser receiver
PCT/U896/134031
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beansplitter. The

WO 97/ 11399
produced by the reticle/display EED array 27, passes
through the lens 28, which provides necessary optical
correction, and is reflected by the beam splitter 30
into the eyepiece lens 17. This allows the aiming
peint and display to be viewed with either the
daylight or night 1light sighting system. The LED
reticle is, of course, used to align the rangefinder
with the target being sighted.

In Figure 5, the laser transmitter ray path 44 is

e

mﬁth

t he

illustrated in the optical schematic of Figure 1. The

laser beam can be seen passing through the laser
output optics 34, which serve to align the beam with
the output telescope created by lenses 15 and 16. The
beam is deflected by the mirror 35 onto the beam
splitter 36 and through the opening 14 of the lens 13
and then through the day objective and laser positive
output lens 15.

The infrared light 45 returned from the target is
illustrated in Figure 6. The light path 45 passes
through the window 11 and through the night objective
corrector lenses 12 and 13. These rays are reflected
by the primary night mirror 23 onto the night
secondary mirror 22 which reflects the infrared energy
onto the receiver beam splitter 37 which in turn
reflects the rays through the receiver lens 38 and
into the receiver 40.

Figure 7 is an elevation of the swing latching
mechanism for the image intensifier 25 which has the
viewing screen 32. The image intensifier is mounted
in a clamp 50 having a clamping bolt 51 and rotates on
an pin 52. A manual lever 53 interfaces with an arm
for shifting the image intensifier 25 from the
position shown to a position shown in phantom out of
the optical axis when the sight is being used for



1 astigmatismis not a problemfor the relatively high 2  f-nunber
permtted for the day sight, but becones a 3 problemfor the | ow
f-nunbers desired for night sight 4 per f or mance. 5 6 BRI EF

DHESCRI PTION OF THE DRAWNGS 7 8 Ot her objects, features, and
advant ages of the 9 present invention will be apparent fromthe witten
10 descri ptwosrmase t he drawi ngs in which: 11 Fi gbCDUS%®/13403 g
sighting system and | aser 12 rangefi nder optical schematic in
accordance with the 13 present invention; 14 Figure 2 is the
optical schematic of Figure 1 15 havi ngaghe daylight |ight path; 16
Figure 3 is the optical schematic of Figure 1 17 havi ng the night Iight
pat h; 18 1 Fdgytimd sighthiengpt iAC @priogelatching hechareisghh S5419s
having the retigl e/ gigpl aye aﬁa&éh t%othe framE' ggrsné hélééwcwtaml 50

schematic of Figure 1_21 avi n ser x? der tr nsmtter | 'i ght
bathi 22 i caRd The duage Cptehedfian 2halk Es CBPEAFLVE BASILAER, Png
the | aser rangef i ndéorr eacisghterimel gitteviatd); o24 in the Fdgytim€ iwiaewing

el evation of th_.'e S%ggiéfér?@uﬂﬂag out of the central axis.

6 Figure 8 shows an alternate embodiment of an
integrated day and night light laser rangefinder 10
having a window 11 and a pair of night sight corrector
lens 12 and 13 having an opening 14 therethrough
10 providing for the day cbjective lens 15. The sighting
i1 system central axis 26 also has the beam splitter 36
1z and the day light negative lens 18 and day Risley
i3 prisms 20 and the image erecting prism 21 mounted

o o J

14 along the axis 26. The night primary wmirror 23 has
15 the opening 24 and reflects the night light onto the
16 lens 22, as in the previous embodiment. The night

17 light is transmitted through the opening 24 and onto
18 the beam splitter 56, which replaces the image
18 intensifier and directs the night light against a
20 thermal imager 57 which produces a video signal
21 through the line 58 into the display 60. The display
22 60 produces the night image onto a beam splitter 61
23 which directs the image into the eyepiece assembly 17.

24 The beam splitter 61 also passes the received laser
25 light into the laser receiver 40. The day light path
26 passes the light through the beam splitter 56 and
27 through the day sight reticle 62 and through the beam
28 splitter 61 onto the eyepiece assembly 17. The laser

29 transmitter 33 directs a laser beam onto the beam
30 aligning optics 34 and then through the lens 16 and
31 onto the mirror 35 which directs the beam against the
32 beam splitter 36 and out the objective optics along
33 the central axis 26. As can be seen, this embodiment

34 replaces the image intensifier with a thermal imager



25 mechani smfor the inmage intensifier; and 26 Figure 8 1is an
~optical schematic of an 27 al ternative enbodi nent of a sighting system
“having a 28 thernmal inmager. 29 30 DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENT 31 32 Referring to the draw ngs, Figure 1, an 33

I ntegrated d I ght sight | aser rangefinder 10 34 iIJéﬁﬁ t he
basi c I mpl g’yr%ﬁag?’?on of t he WO 97/ 11399 o815

PCT/ US96/ 13403 8 1 rangef i nder which

i ncl udes a coaxi al day and ni ght 14

1 and eliminates the swing mechanism while utilizing the
2 beam splitter 61 to direct the night light display
3 into the eyepiece assembly and simultaneously direct
4 the received laser energy into the laser receiver 40.
5 The day light path follows the central viewing axis 26
6 as in the prior embodiment.

7 It should be clear at this time that the daylight
8 objective lens 15 does double duty as the objective of
9 the laser transmitter beam collimation telescope and
10 that the night sight objective does double duty as the
11 laser receiver objective. Except for Figure 8, the
12 beam splitter for the receiver tends to produce
13 excessive astigmatism in the fast night sight optics.
14 However, the refractive elements at the night sight
15 aperture lens 12 and 13 not only allow for a simple
16 spherical surface on the primary mirror but also tilt
17 to eliminate the astigmatism, as illustrated in Figure
18 3. Tilting one lens compensates for beamsplitter
19 astigmatism but puts an on-axis coma into the system.
20 Tilting the other lens correc'ts for the coma and gives
21 diffraction limited on-axis performance. The optimum
22 focal plane at this time has been found to be about
23 one degree to the on-axis input direction.

24 An integrated day and night sight and laser
25 rangefinder has been provided which provides for a
26 very compact design in which the user can quickly
27 sight at 'night or in low light level with a night
28 sight system or can readily use the same sight for a
29 day sighting system by the moving of the image
30 intensifier into and out of the common light path.
31 However, it should also be clear that the present
32 ‘invention is not to be considered as limited to the
33 forms shown which are to be considered illustrative
34 rather than restrictive.



2 si ght configuration and includes a w ndow 11 for 3 sealing the

optics wthin a housing A ght 4 sight corrector lenses 12
ang 13 have an opening 14 t hrough their center to provi de for the day
objective 6 | ens 15. ummm“nmtlmmue | ens 15 al so serves as the 7
positive objective lens f smtter 8 tel escope for which
lens 16 is thwogd®ve input® 9 " | & An eyepi ece | ens RETUSIHNI0Y 7 | s

nounted at the 10 outer end of the dayl i ght optical path, which optical
11 path includes a daylight negative lens 18 to set focal 12 | engt h,
followed by a pair of day R sley prisns 20, ¥ 13 Schm dt/ Pechan i nage
erecting prism21l, and | ens 22 14 whose primary purpose is to provide a
surface that 15 S&dIMSas the night secondary mirror. The night primary
16 mrror 23 has an aperture 24 therethrough. An inage 17

intensifier 25 is ste%v\n&liag_ the light path behind the 18 ni ght primry
mrror and is adapted t0_be swing out of 19 the light path behind the
openi ng 24 and the night 1. 28n iptegxrtedrdawramB nightasigstingesyaben
intensifier 25 2 21 (10¢anceeppidéingt 0 the path al ong the sighting system
22 central axis 26 or re d.from.ith at | 23 done by the
operator through manual 8r 3¥§ ?Vf g’l %1% EEn t(gg)t d neans. The reticle
di splay 27 is pfoduced by nizht thILEDcanveat%néezs pflRuildds weurreedi on

as required. 26 JBgaceab! 5ai@rdadA idnteebSetbevecidnd e(xh)splay into the

6 an eyepiece lens assembly (17);
7 an image converter (25) for night light use and
8 being movably supported for movement between a
9 daylight position out of the light path and a night
io0 light position in the light path, said image converter
11 (25) being positioned for said eyepiece lens assembly
12 (17) to focus thereon when said image converter (25)
13 is in said light path;
14 a night light primary mirror (23) positioned to

15 reflect light from said night light corrector lens
16 (12,13); and

17 a night light secondary mirror (22) positioned to
18 receive light from said night primary objective mirror
19 (23) and to focus the light onto said image converter
20 {25} when said image converter (25) is in a night

21 light position, whereby an integrated night and day
22 light optical system (10) is provided in a compact
23 packaging.

2. An integrated day and night sighting system
(10) in accordance with claim 1 in which night light
secondary mirror (22) is positioned in said light path
and is coated to pass visible light therethrough and

vy b W

to reflect infrared light.
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27 eyepi ecelens 17. The inmage in rfier 25 includes 28 a

_phot ocat hode surface 3 ' hggpCreen 32 29 whi ch produces the
iptensified i mage. 3(1”,'" ”'m" 3!' mﬂﬁr rangefinder portion of the
system 31 i ncl udes t'he®l aserMtransmtter 33 which directs a 32

| aser beam t@bgygﬁ he | aser beam alignnment optics 34 SSW%%%H
' to a

t el escope negative Tens 16 against a mrror 34 35 and eam
splitter 36 which directs the beam WO 97/ 11399
PCT/ US96/ 13403 9 1 t hrough the | aser

tel escope daylight objective lens 15 2 lnd to a target sighted through
the sighting system 3. An integrated day and night sighting system
2 (10) in accordance with claim 2 in which said image

3 converter (25) is an image intensifier.

4. An integrated day and night sighting system
(10) in accordance with claim 1 in which said day
objective lens (15) and said night light corrector
lenses (12,13) are mounted together with said night
light corrector lens (12,13) mounted coaxial of said

G U1 d W N

day objective lens (15).

5. An integrated day and night sighting system
(10) in accordance with claim 3 in which said night
secondary mirror (22) has a curvature for focusing
infrared light onto an image plane between the primary
objective mirror (23) and the daylight objective focal
plane so that the image plane coincides with the input
surface of said image intensifier (25) when the image

® kW

intensifier is in the night light position.

6. An integrated day and night sighting system
(10) in accordance with claim 5 including at least one
day risley 1lens (20) mounted in said optical path
between said daylight objective and said eyepiece lens
assembly (17).

& WM

7. An integrated day and night sighting system
{10) in accordance with claim 6 including a daylight
negative lens (18) mounted in said optical path
between said daylight objective lens (15) and said

(6 B VS S

eyepiece lens assembly (17).
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3 The reflected light fromthe | aser beamthen returns 4  through the
.night light optics and has a_portion 5—deflected by the reeceiver—beam

splitter 37 through a receiver Tens 38 that sets focal |ength and
ohto a 7 surface receiver 40, which 8

detects the return beamfﬂlmmmm' “IH“”e range of 9 an Obj ect which
has been ai nwooniideet he rangef i ndem. s i nt e RGHEHNYRY/ ni ght

sight and | aser 11" rangefinder in accordance WI th Figure 1 provides
for 12 a coaxi al day and night sight configuration in which 13 t he
day sight uses refractive optics for a Iigh1'7path 14 follow ng the
central axis 26 fromthe objective |ens 15 to the eyepiece lens 17,
as illustrated in Figure 16 2. The i ght path 41 passes through the
wi ndow 11 and ; 17  thrgughygt fiﬁt@@&htsatdeﬁjﬁdlﬂi@ﬂnerﬁgmlwgesystéml s

18 refracted throu h the aperture 14 S 9 es
t hrough the bedm spii® it aﬂ?ﬁoﬁf' a:u.ng &agaggﬁt ‘J’né’SS ??)é | ens

and day risleys 20 dimplidy dagh posik ioneldeberween sapdcHaroe dindensi f3AEr eupon

the light pathy, 22;5)Pa5€satilr gggﬂg,_é&@ T tasse@dOgagy7i rror 22 and 23
t hrough the ni ght primary mrror 23 central opening 24 24. 25

As seen in Figure 2, the |nage Intensifier 25 of 26 Figure 1 has been
moved out of the dayI i gi#t. | idghtingegrae@d day oard tiiohixisighding syatefrhe

daylight i ghtzpath(fH, in accordance with claim 8 in which night reticle

3 display (27) includes a beamsplitter (30) positioned
in front of said eyepiece lens assembly (17) for
directing said reticle display (27) onto said eyepiece
lens assembly (17).

a no»

10. An integrated day and night sighting system
(10) in accordance with claim 1 including:

a laser (33) positioned for directing a laser
beam through said daylight objective lens (15); and

a rangefinder receiver (40) for receiving
reflected laser light received by said sighting
system, whereby a laser rangefinder is formed in a
compact design with a day and night light sight.

0 36 U bW

11. A laser rangefinder system (10} in
accordance with claim 10 including a laser
beamsplitter (36) for directing said laser beam
through said daylight cbjective lens (1S}.

[ S PR O I

12. A laser rangefinder system (10) in
accordance with claim 11 including a receiver
beamsplitter (37) for directing light being received
by said integrated day and night sighting system (10)
onto a rangefinder receiver (40).

vl W N
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28 passes directly ¢t eam splltter 30 and 29 t hrough t he

eyepi ece lens 17. Thus | wm hours, visible light is used
) fF)r sighting a target : fg i“‘““lﬂlmn “1 i nder . A user can sight and

align the 32 rangefin cortdetertyrirfing the range to an object at 33
which tinme t t fromthe |laser 33 through the 34 ut
optics 34 g’ﬁ’ neaggt ive lens 16 is WO 97/ 11393"&?‘&599%%
PCT/ US96/ 13403 10 1 directed by the
mrror 35 against the beamsplitter 36 2 and out the daylight objective
| ens 15, which is also 3 the | aser out p’tﬁ | ens. The | aser beamis

directed 4 ,towards the tgayopt. And heahst Mha SignalsigheiaE S5LEh

{10) in accordance with claim 1 in which said night

=

corrector lens (12,13} is tilted to compensate for
astigmatism.

14. An integrated day and night sighting system
(10) in accordance with claim 13 in which said night
light corrector lems (12,13) includes a pair of tilted
lens elements (12,13).

W 0 J & U W W

15. An integrated day and night sighting system
(10) in accordance with claim 14 in which said day
~objective lens (15) has a pair of larger night
corrector lens (12,13) mounted coaxially thereto
whereby the day objective lens (15) directs 1light
through an opening (14) in said night corrector lens
{12,13).

N oy W
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5 by the receiver beamsplitter 37 and directed agai nst 6 t he
.receiver 40, 7z Turning to Ei guLe 3.—the agptical schematic of 8
Figures 1 and 2 is ill ust rated having—the—-+i ght si ght 9 light path 42
i1 lustrated. The wavel engt hs of interest are
those in the infrared m.’mmmm’uﬂmﬂ"'use with an image intensifier 32
or an 12 WOYHNMive thermalt | mager. = The i mage intensi PFEISI64340313
sensitive to wavel engths in the far redto near 14 infrared portion of
the spectrum The night [ight or 15 i nfrared energy passing through
the night light path 16 42 passes the wisdow 11, which is transparent
to both 17 visible and infrared light, and through the night 18

obj ective corrector |enses 12 and 13 centered around 19 t he dayl i ght
obj ective | ens 45 wher e 1gle [ r;{r[aiﬁglegrésgéd aag’ and Shightectpeheafirideat t he
ni ght prinmary rror @ rlmary mrror 23 reflects the
infrared |ight ZZSYSB?\TO(* 8ﬁ acts as the night secondary
mrror. 23 3The lens deaxslmm objectivantens (d=ual wavel engths 24
and.to reflect 4nfrared Mﬁlﬁ:ﬂ%ﬂﬁecto&'fléﬁ@ mghta) céaxiablPouries an

I mge intensifier, the cpat flect far d to near infrared.
If the night sigyht Egegazac? éa)%'i%t %Prﬁf:tf‘ﬁﬁ g§1S ¢ ‘%COatl ng reflects

either md IR & 28 ameey®riiecer Apnebangenply helgng IR in the 8-14
[err]mband. 29  The gy Ghthadd H¥nvietteef (861 efoPYnidier M GHe SAEONEAN Y

8 being mounted to receive infrared light thereon, said
9 image converter (25) being positioned for said
10 eyepiece lens assembly (17) to focus thereon;
11 a laser (33);
12 a laser beamsplitter (36) for receiving a laser
13 beam from said laser (33) thereon and directing said
14 beam through said day objective lens (15);
15 a night objective mirror (23) positioned to
16 reflect night light from said night corrector lens
17 (12,13);
i8 a night secondary mirror (22) positioned to
19 receive light from said night objective mirror (23)
20 and to focus the night 1light onto said image
21 intensifier (25}; and
22 a receiver beamsplitter (37) positioned in said
23 light path, said receiver beamsplitter (37) directing
24 received light to a rangefinder receiver (40),
25 whereby an integrated rangefinder system (40) is

26 provided in a compact design with a night and day
27 light sight.

1 17. An integrated day and night rangefinder
2 system (10) in accordance with claim 16 in which said
3 night corrector lens (12,13) is tilted to compensate
4 for astigmatism. '
I THIS SHEET HAS BEEN |
REPLACED
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30 mrror 22 throtugh the opening 24 in the ni ght primry 31 mrror

23

.and onto the receptor m“m“m i mage intensifier or thermal
i mager 25 where the IHlH mllm spl ayed as visible light on the

screen 32. The
WO 97/ 11399

*i nige- o' séreé&n 32 is seen by the user through the

PCT/ US96/ 13403 s

11 1 eygp())lgé”égg?ens 17. 1t wll, of course, be clear that
rangef inder portion of the systemt ransm tsa 3 | aser beam and
receives a reflected beamso that it odaerat es day or night in

accordance with the | aser 5 wavel ength

benefit of

b W N

b Wy

w

n e W o
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18. An integrated day and night rangefinder
system (10) in accordance with claim 17 in which said
night correction 1lens (12,13) includes a pair of
tilted lens elements.

19. An integrated day and night rangefinder
system (10) in accordance with claim 16 in which a
night secondary mirror (22) is positioned in said
light path to pass visible light and to reflect
infrared light.

20. An integrated day and night rangefinder
system (10) in accordance with claim 19 in which said
image converter (25) is an image intensifier.

21. An integrated day and night rangefinder
system (10) in accordance with claim 16 including a
reticle display (27).

22. An integrated day and night rangefinder
system (10) in accordance with claim 21 in which said
receiver beamsplitter (30) is positioned for directing
the image of said reticle display (27) onto said
eyepiece assembly (17).

23. An integrated day and night rangefinder
system (10) in accordance with claim 16 including
visible light optics (18,20) located between said day
objective lens (15) and said eyepiece lens assembly
(17) for focusing daylight onto said eyepiece lens
assembly.

REPLACED
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6 the user being able to sight the rangefinder on a 7 target. 8
. The .coaxial design, as illustrated in |:| gures 1. o) 3,
of the two dlfferent focal planes for the day and ni ght sight and

swi ngs the i mage m [ to the comon optical axis 26 when
12 enpl oyi ng the ni ght” ﬂmll IIHH, Hmows t he use of the 13 sane
eyepi ece fomwdsrhasay and* night: sifghs.  * "N ght 14 si ghPCHFEWEMBequire

a faster design than the day 15 sight so the night sight focal plane
can occur at the 16 i nput plane of the intensifier. The output plane
32 17 of the intensifier in the day sight focal plane can be 18
coplanar with the daysight inmage plane as required for 19 use of a
common eyepi ece | ens 1724. TheAmi ghtegrafiad d2yp anfo rmdghiht TargeHindes ti ve

to an intensifjer Sygeen? %m lglaccmﬁéé)ﬂwﬁﬁl tde i 201 figelefa ke a8 Mage
intensifier into out of gnrrent with the |light does not have

to 23  be acht evefl@¥i H'lg%t tﬁ“g‘fr?edégfeé’& BE PHi®atd- 1t 24 should al so

be realized that the imge intensifier 25 25 can also be a thernal ni ght
sight nodul e which is 28g. m%?' Ynéé@éawédltgéiyf%dt hﬁgnmgfangﬁﬂﬁdér er.
One 27 i npl erent ation of t{1 an uncqo d foc%9 jx_)m,‘_a_.tn 1%%
det ect or array? andS¥=E#R| (16 af‘npﬁﬁ‘é‘?r s 8 lfg"r? ik § spl ay,
and the requi red ebeamnsphittesf or{Itie FIPsittihuedal bﬁtwnm%ﬁﬂd nmodRASe can be
integrated or gan PEiengifier (25) and said eyepiece lens assembly (17)

5 for directing said reticle display into said eyepiece

6 lens assembly (17).

26. An integrated day and night sighting system
(10) in accordance with claim 16 in which said night
corrector lens (12,13) is coaxially mounted to said
day cbjective lens (15) whereby the day objective lens
(15) directs light through an opening (14) in said
night corrector lens (12,13) and said night corrector
lens (12,13) directs infrared light received around

@ ] & W N

said day objective lens (15).
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31 a separate packag Turning to Figure 4, the optica

schematic of 33 Figur4ﬂ®i,ﬂ" ' ﬂﬂ'ﬂﬂ' with the LED reticle and 34
i splay ray path. The i ght 43 WO 97/ 11399

CT/ US96/ 13403 ' 1 produced by the
reticle/ di sglgosnhide array 27, passes 2 through t he | engeradsesdaps h
provi des necessary opti cal 3 correction, and is reflected by the beam
splitter 30 4 into the eyepiece lens 17. This allows the ainmng 5

point and display to be viewed mnth %g the 6 daylight or night
| i ght sighting system The LED retf€le is, of course, used to align
t he rangefi nder
1 27; An integrated day and night optical system
2 (10) comprising:
3 an eyepiece lens assembly (17);
4 a daylight optical system (15,18,20,21) having
s daylight optics for collecting and focusing visible
6 light onto said eyepiece lens assembly (17);
7 an image converter (25) positioned for viewing
8 with said eyepiece lens assembly (17); and
9 a night 1light optical system (12,13,22,23)
10 partially mounted coaxially of said daylight optical
11 system (15,18,20,21) and having night light optics
12 (12,13,22,23) for collecting and focusing night light
13 onto said image converter (25), whereby an integrated
14 day and night optical system {10} has a portion of the
15 day and night light optics coaxially mounted.

28. An integrated day and night optical system
(10) in accordance with claim 27 in which said image
converter (25) is an image intensifier and is movably
supported (Figure 7) for movement between a daylight
position out of the optic path in front of said
eyepiece lens assembly (17) and a night light position
in said light path, said image intensifier (25) being
positioned for said eyepiece lens (17) to £focus

O 0 J & U1 B W N =

thereon when said image intensifier (25) is in said
light path.
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8 with the target being sighted. 9 In Figure 5, the |aser
dransmitter ray path 44 is 10 illystrated in the optical schematic.of
Figure 1. The 11 | aser beam can be seen passing through the |aser = 12

odt put optics 34, which sefigiil beamwith 13 the output

tel escope created by Iensm“mnmalﬂﬁmm 14 beamis deflected by the
mrror 35 ontWOPHH3Meam 15 ¢ spliftef 35 and through the BEENSIH34R of
the l ens 13 16 and then through the day objective and | aser positive
17 out put | ens 15. 18 The infrared light 45 returned fromthe
target is 19 illustrated in Figure 6. 2Be |light path 45 passes 20

t hrough the wi ndow 11 and through the night objective 21 corrector

| enses 12 and 13. These rays are reflected 22 by the primary night
rri][ror d23 onto the might An23ntegeaved aiay Endr ALgRY sptidal efistehs the
I nfrared ener o] | b t{ermen ' rn
25 reflectsg%/ go) rﬁ é%q:dr’]gl(é?'e%'g&eeg ‘Epé {r?vgﬁ %aq}a lrﬂgh'ﬂ
recei ver 40. 327 1lght PPEH'Fe Sl’sitgman(i'eﬁoe'&ﬂatzl%ﬁlbf inrdudgiena | é‘tlgﬁf-ng

28 . mechani sm4‘ or ﬁhﬁndﬂﬂgﬁltﬂhenﬂi) eposdt ¥bhed Bas relftect2%eceiivedi Ny

screen 32. I ma |nte Shil nmoun C ing a
cl anpi ng bol t %1 r % d;sioﬂﬁ‘IE ﬁd 3 tn%%h S%ecor%;énu%?g?ever(agg
interfaces witf an mﬁtmzed tPoF‘ecsh'VﬁFthﬂ}lt me&lerhagdelromianigd might 25
from the 7 primary mirror (23) and to focus said infrared light

8 onto said image intensifier (25) when said image

9 intensifier (25) is in a night light position.

1 30. An integrated day and night optical system

2 (10) in accordance with claim 29 including:

3 a laser (33);

4 a rangefinder receiver (40);

5 a laser beamsplitter (36) for receiving a laser

6 beam from said laser and directing said laser beam

7 through a portion of said day light optics (15);: and

8 a receiver beamsplitter (37) positioned in said

9 light path, said receiver beamsplitter (37) directing

10 received light to said rangefinder receiver (40);

11 whereby an integrated night and day optical

12 rangefinder (10) has a compact design. '
Tl



33 position shown to a position shown in phantom out of 34 the
_optical axis when the sight is heing used far WD 97/11399—— .
PCT/ US96/ 13403 13 1 dayti me sighting.
A spring |atching nechanism54 is 2 al so attached to the franme 55 and

holds the clanp 50 3 and the inmage intensifier 25 in the ratlye
position 4AWO 7043981 ghttime viewing or in the daytine vi%‘aﬁ?%‘w

position swng out of the central axis. 6 Figure 8 shows an
al ternate enbodi nent of an 7 i ntegrggged day and night Iight |aser
rangefi nder 10 8 having a window 11 and a pair of night sight corrector
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9 | ens 12 and 13 having an opening 14 therethrough 10 providing for
.the day ohjective lens 15 The sighting 11 __ _systemcentral axis 26 also
has the beamsplitter 36 12 and the day |ight negative | ens 18 and day
Ri sl ey 13 prisnms 20 and the inmage erecting prism 21 nounted 14

along the axis 26. The night primary mrror 23 has 15 t he openi ng 24
and reflectsWOYMIBht 1ight onto the 16 lens 22, as i nPETESIBNMIS ous
enbodi nment . The ni ght 17 light i 32 éansm' tted through the opening 24
and onto 18 the beam splitter. 567" which replaces the inmage 19
intensifier and directs the night |ight against a 20 thermal i mager

57 which produces a video signal 21 through the line 58 into the

di splay 60. The display 22 60 produces the night imge onto a beam
splitter 61 23 which directs the image into the eyepiece assenbly 17.
24 , The beamsplitter 61 al so passes the recgjved | aser 25 light into
the | aser receiver 40. The day |ight path 26 passes the light through
the beam splitter 56 and 27 t hrough theg ght reticle 62 and through
t he. beam 28 splitter 61 onto the eyepi efg ]l y 17 The laser 29
transmtter 33 directs a | aser beam ont o L& 1030 & igning optics 34
and then through the lens 16 and 31 ONnigg §T7OT 35 which directs the
beam agai nst the 32 beam splitter, 36 ang e obj ective optics al ong
33 the central axis 26. As can See e ‘
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34 repl aces the imge intensifier with a thermal imger WO
97/11399 PCT/ UUSA6/13403

14 1 and elimnates the swing nechanismwhile utilizing the 2 beam
sp'itter 61 to direct the night |ight display 3 into the eyepiece
assenbly and sinmul t aneousl y- di rect 4 the received | aser energy into the
| aser recei veWQQy/113995  The day |ight path follows the centRGRUSHEONg
axis 26 6 as in the prior enbodi nment. 7 It should be clear at
this time that the daylight 8 obj ect3/8 | ens 15 does double duty as the
obj ecti ve of 9 the laser transmtter beamcollinmation tel escope and

10 t hat t-he night sight objective does double duty as the
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11 | aser receiver objective. Except for Figure 8, the 12 beam
splitfer for the recejiver tends _to prodice 13 excessive astigmatism
in the fast night sight optics. 14 However, the refractive elenents at

t he ni ght sight 15 aperture lens 12 and 13 not only allow for a sinple
16 spherical surface on the primary mrror but also tilt 17 to
elimnate t hév@8¥11dMatism as illustrated in Figure 18  BCT/USSHIB4Bng one
| ens conpensates for beansplitter 19 astignmati smbut puts an on-axis
coma into the system 20 Tilting theggd her lens corrects for the coma
and gives 21 diffraction limted on-axis performance. The optimm 22
focal plane at this tinme has been found to be about 23 one degree to
the on-axis input direction. 24 An integrated day and night sight
and | aser 25 rangefi nder has been provi ded which provides for a 26
very, conpact design in which the user can qui ckly 27 sight at night or
in low light level with a night 28 sig sydt em can readily use the
sanme sight for a 29 day sighting syg gm t he— nmoving of the

i mge 30 intensifier into and out of : f ght pat h. 31
However, it should also be clear that t 32 I nvention is not
to be considered as limted to the ™33 g :
considered illustrative 34 rathe¥ th St i ve.
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15 CLAI MS: W claim 1 1. An integrated day and
.hight sighting system 2 (10) comprising. .3 a daylight optical—
system havi ng daylight optics 4 for collecting and focusing visible
li.ght froman '5 objective lens (15) onto an eyepi ece |lens assenbly 6
(17) in a daylight light path between said objective 7 | ens §15 and
sai d eyepi ecwWO®Ms%ssenbly (11); 8 a night |ight cR§M ens
(12,13) nounted 9 adj acent sai d daylight objective lens (15), said

ni ght 10 correction lens (12,13) inckpgling a pair of tilted 11 | ens
el ements to conpensate for astigmatism 12 an i mage converter (25)
for night Iight use and

o ™M <
] o N
-
L LD
23| [ -
az ml>” ™M L
<| B o
o Vg
= <O )
M —ig )
o 1 € 5 =
;E \ ™ L
wn
/ Z%‘U
okl Yo
™ 0 ™
<<

-4
Lo |



13 bei ng novably supported for novenent into and out of 14 the
,daylight light path between a daylighi position 15 out—of—thetght path
and a night li1ght positionin 16 the light path, said inmge
converter (25) being 17 positioned for said eyepiece | ens assenbly
(17) to 18 focus thereon when said i mage converter (25)d%§%6%%?%é? sai d
| i ght pat h; WRp7/11399 a night reticle display (27) positi en 21
said i mage converter (25) and said eyepiece lens 22 assenbly (17); 23
a night light primary mrror (22) positigmged to 24 reflect light from
said-night light corrector lens 25 (12,13); and 26 a night |ight
secondary mrror (22) positioned to 27 receive light from said night
primary objective mrror 28 (23) and to focus the light onto said image
converter 29 (22) when said imge converter (27) is in a night 30 |ight
position, whereby an integrated night and day 31 | ight optical system
(10) is provided in a conmpact 32 packagi ng.
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15A 1 2. An integrated day and night sighting system 2 (10) in
econdary mrror

.accordance with claimil in which said.night 3 Light s
(22) is positioned in said 4 light path and is coated to pass

visible light 5 t heret hrough and to reflect infrared |ight.

16
WO 97/11399 PCT/US96/13403

7/8

FIGURE 7




1 3. An integrated day and night sighting system2. (10) in
~accordance with claim?2 in which said ioage 3 converter (25) is an inmage

i ntensifier. 1 4. An integrated day and night sighting system 2
(10) in accordance with claim1 in which said day 3 obj ective | ens (15)
and said night light corrector 4 | enses (12, 13) are nounted together with
sai d ni ght 5WO%M183%® corrector |ens (12,13) mounted coaxi alPGYUSIVIME ¢

day objective |lens (15). 1 5. An integrated day and night
sighting system 2 (10) in accordance wygh claim3 in which said night 3
secondary mrror (22) has a curvature for focusing 4 infrared |ight onto

an i mage plane between the primary 5 objective mrror (23) and the
dayl i ght objective focal 6 pl ane so that the imge plane coincides with
the input 7 surface of said imge imtensifier (25) when the inage 8
intensifier is in the night |ight posiTion. 1 6. An integrated
day” and ni ght sighting system

o
¢
© o
\ 3
o /
H >
ol < o
w _J @
ol & =
a5 d —
o o ol
Lt
@ =1
I 2’0: >|
L ]
Z o
— e g o) m< -——-'
%}:
T =
}_
o
he
<N 00
aZ ~
< n
o | Ll
I xr
D
)
| |
Lo

N

BEAM
AL IGNMENT
OPTICS




2 (lo)m_accaLda,nce_AM_Lh_clalmSmCIudlngada Tisley 3 Iens(O
in sai tical tvveens id 4 i g PG tlgﬁ q
eyépl ece Ii ll! EE rlllj(g 7. An i nt egr at ed and ni ght
ccordance W th

si ghting s cImmGu‘%d
negative |ens (18) rmunt ed in said optical ~path 4 @U‘%W

dayl i ght objectlve lens (15) and said 5 jg5eyepiece |ens assenbly (17).
17 1 8. - Cancel |l ed

CLAIMS:

We claim: _
1 1. An 1ntegrated day and n:.ght sighting system
2 (10) comprising:
3 a daylight optical system having dayllght optics
4 for collecting and focusing visible light from an
5 objective lens (15) onto an eyepie_ce_lens assembly
-6 (17) in a daylight light path between said objective
7 lens (15) and said eyepiece lens assembly (11); |
8 a night 1light corrector lens (12,13) mounted
9 adjacent said daylight objective lens (15), said night
10 correction lens (12,13) including a -pa_ir of tilted

" o 11 lens elements to compensate for astigmatism;
12 an image converter (25) for night -light use and
13 'being movably supported for movement into and out of
14 the daylight light path between a daylight position
15 out of the light path and a ‘night light position in
16 the 1light path, said image converter (25) being
17 positioned for said eyepiece lens assembly (17) to
i8 focus thereon when said image converter (25) is in
19 said light path; _
20 a night reticle display (27) positioned between
21 said image converter (25) and said éyepiece_ lens
. 22 assembly (17); |
- 23 a night light primary mirror (22) positioned to

24 reflect iight from said night light corrector lens
25  (12,13); and | -
26 a night light secondary wmirror (22) pos:Lt:Loned to
27 receive light from said night primary objective mirror
28 (23) and to focus the light onto said image converter
29 (22) when said image converter (27) is in a night
30 light position,. whereby an 1ntegrated night and day
31 light optical system (10) is provided in a compact
32 packaging. ' '
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1 9. An integrated day and ni ght sighting system 2 (10) in
accordance with claim7 in-which said night 3 IS y y/

i ncl udes ntlmm"nn)lm“lm I“IlISO) 4 positioned in f{’&ﬁ'ﬁlﬁ ggéi; 5093

| ens asse directing said reticle displa 2 onto said 6
eyepi ece lens assently 5(17). 1 '10.  An int emg/ aAUGf]gg?
sighting system2 - (10) in accordance with claim1 including:

| aser (33) positioned for directing a |%&der 4 beam t hr ough sal d dayli ght
objective lens (15); and 5 a rangefinder receiver (40) for
receiving 6. reflected laser |ight received by said sighting 7
system whereby a | a3er Amnietégured sdfyorared] night Sightdmpactystemi gn wit h
a day and nj ght (ibghinshgbgrdanée w:Lth ﬁi:éltrl 1 An 8@3‘35 3&9?1]: 'gji]lq_e

system (13 in, 2 accordance | aser 3
beansplitt (36yht f eCopREY: |“h1d-”r°§a| §22) aéér P‘f!ﬁ’d?ﬁ%ed th@oﬁgﬁdsal d

daylight olgj ectlight enmt(lShnd is coated to pass visible light
' 5 therethrough and to reflect infrared light.

SO
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1 --Hl—aser\r angefi nder Sy5tem (10) 10 2 ?i%%g&l ng

wi th cI recei ver beams?(p‘x \g ﬁ] ' i
|(;-8;’1t 5be H, Lﬁ by sal d int egrat ed day a ht si ghting system
onto er recei ver (40) :
18 13. Cancelled 1 An int eé?ﬁwﬁgéaﬁgﬁﬁa?

s!ghtlng system 2 (10) in accordance Wkth claiml in which said night 3
light corrector lens (12,13) is a pair tilted lens 4 el enents (12, 13).

3. An integrated day and night sighting system
(10) in accordance with claim 2 in which said image

(TSI N ]

converter (25) is an image intensifier.

4. An integrated day and night sighting system
(10) in accordance with claim 1 in which said day
objective lens (15) and said night light corrector
lenses (12,13) are mounted together with said night
light corrector lens (12,13) mounted coaxial of said
day objective lens (15).

oY Ul Rd W N B

5. An integrated day and night sighting gsystem
e (10) in accordance with claim 3 in which said night
secondary mirror (22) has a curvature for focusing

infrared light onto an image plane between the primary
objective mirror (23) and the daylight objective focal
'plane so that the image plane coincides with the.input

surface of said image intensifier (25) when the image

W 3 0 b W .

intensifier is in the night light position.

6. An integrated day and night sighting system
(10) in accordance with claim 5 including a day risley
lens (20) mounted in said optical path between said
dayllght objective and said eyeplece lens assembly'
(17) .

k)
!
(S-S VY T G R

7. An integrated day and night sighting system
(10) in accordance with claim 6 including a daylight
negative lens (18) mounted in said optical path
between said daylight objective lens (15) and said

Uk W N E

éyepiece lens assembly (17).
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an opem ng (14)

thereto 5

19
conpri SI ng:

3

An inte rated day and ni ght sighting system2 (10) in

lﬂﬂ"ﬁlmll“ vl sald ey 2 s FOUS 962 i?ﬁ%&}

ereby t e day objective lens (15) di rECtFPMSQ

|n sai d night corrector lens 7 (12, 13)"

An integrated day a ni ght rangefinder 2 system (10) -

a daylight objective lens (15); 4 a ni ght

corrector ans (12 13 . CC@a(ﬂ@é]_])édTDunt ed’

O

S W NN e o 3 0 U1 & W N R [oa WS 2 I N VS B S

nm b W

9. An integrated day and night sighting system
(10) in accordance with claim 7 in which said night
reticle display (27) includes a beémsplitter (30)
positioned in front of said eyepiece lens assembly
(17) for directing said reticle display (27) onto said
eyepiece lens assembly (17). ' '

10. An integrated day and night sighting system
(10) in accordance with claim 1 including:
a laser (33) positioned for directing a laser

beam through said daylight objective lens (15); and

a rangefinder vreceiver (40) for receiving
reflecﬁed laser light received by said sighting
system, whéreby a laser rangefinder is formed in a
compact design with a day and night light sight.

11. A laser rangefinder system (10) in |

accordance  with claim 10 including a  laser

- beamsplitter (36) for directing said laser beam

through said daylight objective lens (15).

12. A laser rangefinder system (10) in

accordance with claim 11 including a receiver

beamsplitter (37) for directing light being received
by said integrated day and night sighting system (10)
onto a rangefinder receiver (40). '
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assenbly

(25)
f ocus t hereon;
(36) for

ctive lens (15); 6 C en
ﬂﬂmu l l‘ﬂnman i mage converter (25) foP go e% /u%?d-h@}S
wcelve infrared |ight thereon, said
bel ng positioned for said 10 eyepi ece | ens M&S&W&gﬁ
11 a laser (33); 12 a |laser’ beansplitter
receiving a | aser 13 beam fr said | aser (33) thereon and

directing said 14 beam t hrough sai d day objective lens (15); 15

a ni ght

obj ective @BrroganéLBlepositioned to 16 reflect night

fromsaid night corrector lens 17 (12,13) ; 18 a ni ght

secondary mrror (22) positioned to 19 receive |light from said night

obj ective rirror (23)4.20Rn inmtegrared daysantheight ghightiirghtsysaeino

-1 mage 2| NLe0a) LA" ageé%daaeg @fth. claindi! SHCWHIEROQATROLS
posi ti oned |n 1d 2 beanspl|
directing 21 Fé%%Fv@ﬂrr¢?Eﬂﬁ 1Qﬂ§ élzp&ﬁéeiﬁnﬂé?al¥eﬂﬁﬂqk%teqzﬂfps 25
whereby am i nt eyemnéresr exmeii)nder system (40) is 26 provided in a
conpact design with a night and day 27 l'i ght sight. -
1 15. An integrated day and night sighting system
2 (10) in accordance with claim 14 in which said day
3 objective 1lens (15) has a pair of larger night
4 corrector lenses (12,13) mounted coaxially thereto
5 whereby the day objective lens (15) directs light
,ﬂ3 6 through an opening (14) in said night corrector lens
7 (12,13). ' '
7



accorda
tllted

(12, 13)

—17.  An integrated day and ni ght rangefin !\
rlmumjﬂntﬂ‘ m I n which said 3 night corr
t for astigmatism 25

i 'S
An i nt egrated day and night rangefinder 2 system??g)
i n accordance Wi t h claim17 in which said 3 ni ght correction |ens

includes a pair of 4 tilted | ggs el ements. 1 : 19.

13)4 03

An

i ntegrated day and ni ght rangefinder 2 system (10) ‘in accordance with
claim16 in which a '

Ty
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_ 16. An integrated day and night rangefinder
system (10) comprising: '
a-daylight objective lens (15); '

a night corrector lens (12,13) coaxially mounted
to said daylight objective lens (15);

an eyepiece lens assembly (17);

an image converter (25) for night light use and
being mounted to receive infrared light thereon, said
image converter (25) being positioned for said
eyepiece lens assembly (17) to focus thereon;

a laser (33);

a laser beamsplittér (36) for receiving a laser
beam from said laser (33) thereon and 'directing said
beam through said day objective lens (15);

a night objective wmirror (23) positioned to
reflect night light from said night corrector lens
(12,13) ;

a night secondary mirror (22) positioned to
receive light from said night objective mirror (23)
and to focus the night 1light onto said image
intensifier (25); and

a receiver beamsplitter (37) positioned in said
light path, said receiver beamsplitter (37) directing
received 1light to a rangefinder receiver (40),
whereby an integrated rangefinder system (40) is
provided in a compact design with a night and day
light sight.

17. An inEegrated day and night rangefinder
system (10) in accordance with claim 16 in which said
night corrector lens (12,13) is tilted to compensate

for astigmatism.
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3 nimndary mr+er (22) is positioned in s 4 Qi t '
pass vis o reflect 5p I nfrared IigW’ Iq%l);OB&n«;

i nt egrath Mﬂ' !ﬂ%mrangefl nder 2 system ('10) [ s@ A 597
claim 19 ’f n |Lc mage converter (25) is an inmage intensiftiler.

1 An i ntegrated day and ni ght rangefinder 2 system (10) in
accordancga vmth claim16 including a 3 , reticle display (27). 1
22, An integrated day and night rangefzi nder 2 system (10) in accordance

with claim?21l in which said 3 receiver beamsplit.t'er (30) is positioned

for directing. 4 the image of said re le dis 27 d 5
eyepi ece assenbly (1P inte gr%eé gi\ﬁ aﬁ'[d: %(?}é'é Eé?gﬁﬁgjgﬁgglht
rangefindee 2 systsienti10)10n lancacdandametlwlcthm di7mib6whichudang 3
visible light apidis C38r0tibACAlGH b?i%‘fﬁ') said1dA¥s a pair of

4 ‘tilted lens elements.
1 19.  An integrated day and night rangefinder
2 - system (10) in accordance with claim 16 in which a
3 night secondary mirror (22) is positioned in said
4 light path to pass visible light and to reflect
5 infrared light.
. 1 20. An integrated day and night rangefinder
b 2 system (10) in accordance with claim 19 in which said

image converter (25) is an image intensifier.

1 21. An integrated day and night rangefinder
system (10) in accordance with claim 16 including a
reticle display (27).

22. An integrated day and night rangefinder
syétem (10) in accordance with claim 21 in which said
receiver beamsplitter (30) is positioned for directing
the image of said reticle display (27) onto said

P

[ I S VS I S B ]

- eyepiece assembly (17).

23. An integrated day and night rangefinder
system (10) in accordance with claim 16 including
visible light optics (18,20) located between said day
objective lens (15) and said eyepiece lens assembly
(17) for focusing daylight onto said eyepiece lens

(o YR ¥ 2 IR S VS B N T

assembly.
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obj ective | ens and said eyepi ece | ens assw.wLS i
focu5| ng HIIII ﬂl“ﬂh\uﬂ“t d eyepiece lens 6 asse 03491
|2% a;l;cor dance with claim Zgr?hgﬁug%gag%m gggyrﬁpmga Aﬂét 49 | sm
(21). 1 25. An-integrated day and night rangefinder 2
(10) in accordance with claim21 includi a3 beansplitter (30)
positioned A between said inmage 4 i nt€nsifier (25) and said eyepi ece
| ens assenbjy (17) 524.f0radi ngeblarsal GaPlakd @ ndbBP! Wharidd i d
eyepi ece 2 system (10) in accordance with claim 23 including a

3  day light image erecting prism (21).
1 25. An integrated day and night rangefinder
2 system (10) in accordance with claim 21 including a
3 beamsplitter (30) positioned between said image
4 intensifier (25) and said eyepiece lens assembly (17)
5 for directing said reticle display into said eyepiece
6 lens assembly (17).
1 26. An integrated day and night sighting system
| o 2 (10) in accordance with claim 16 in which said night
e 3 corrector lens (12,13) is coaxially mounted to said
4 day objective lens (15) whereby the day objective lens
5 (15) directs light through an opening (14) in said
6 night corrector lens (12,13) and said night corrector
7 lens (12,13) directs infrared light received around
8 said day objective lens (15).
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(15) whereby the day objective lens 5 (15) directs |ight thro
opening (14) in said 6 ni ght corrector lens (12,13) and said nlght

correctar 7 l ens (12,13) directs |nfr§£ed | i ght received around 8 sai d
day objectlve | ens (15). ) 22

1 " 27. Ccancelled .

1 28. Cancelled
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(57) Abstract

An integrated day and night sighting system (10) and a laser rangefinder apparatus includes a daylight objective lens (15) having a
night light corrector lens (12, 13) mounted adjacent to and coaxially with the daylight objective lens (15) and having an eyepiece lens (17).
An image converter module (25) may be an image intensifier for night light use and is movably supported for movement between 2 daylight
position out of the light path and a night light position in the light path (Figure 7). The image converter (25) is positioned to focus the
night light optics thereon and for the eyepiece lens (17) to view the image intensifier screen (32). A night primary objective mirror (23) is
positioned to reflect light from the night objective lens (12, 13) and a night secondary mirror (22) is positioned to receive light from the
primary objective mirror (23) and to focus the night light onto the image converter (25) when the image converter (25) is in the night light
position. -




