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TELESCOPE BYPASS MIRROR MECHANISM WITH MINIMIZED STOW VOLUME

BACKGROUND
{00843 There are numercus applications for optical imaging systems that require
a high sensitivity narrow iisid-of-view telescope for detection and discrimination
purposes. s also freguantly desirable, however, {0 addiionally capture
a wide fisid-ofview iy order {0 achieve graater silustionsl awareness. Typically,
switching betweean fieids-ofview involves the use of moving parts, such as
mounts, laterally movable lenses (1o provide “zoom™} or other movable optical

components, such as a fisld-of-view switch.

BRIEF DESCRIPTION OF THE DRAWINGS

(0002} Features and advantages of the inveniion will be apparent from the
detailed desoription which follows, taken in conjunclion with the sccompanving
drawings, which logether Hlustrale, by way of example, features of the invantion,

and, wherein:

{0003} FIG 1a iz a front view of an optical system of a reflective telescope
having a fsid-ol-view bypass assembly in a retracied or non-bypass

configuration in accordances with an example of the presant disciosure;

[0004] FiG. s a front view of the optical system of FIGG. 18, with the fleld-of-
view bypass assembly in a bypass configuration in accordancs with an exampls
of the present disclosure;

[poos} FiG. 2a is g front perspective view of the optical system of FIG. 1a, with
the field-of-view bypass assembiy in the retracted or non-bypass configuration;
[06008] FiGs. 2l is a front perspective view of the optical system of FIG. 18, with
the field-cf-view bypass assembly in the bypass configuration;

{007} FIG. 3is a block diagram of the oplical system of FIG. 1a showing an

optical assembly with & primary optical path;

0008] FiG. 4a s a front view of the figl view bypass assembly of the oplical

PCT/US2018/055509
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sysiem of FIG, 1a, shown with a housing of the optical system removed, and
with the fisld-of-view bypass assembly in the retracied or non-bypass

corfiguration,

[000%] FiG. 4k is 3 front view of the field-ofview bypass assembly of the optical
systam of FIG. 1a, shown with the housing of the oplical system removed, and

with the field-of-view bypass assembly in the bypass configuration;

[p010} FiG. Ba is 3 side view of the fisld-of-view bypass assembly of the optical
system of FIG. 13, shown with e housing of the optical systemn removed, and
with the field-of-view bypass assembly in the retracted or non-bypass

configuration,;

60413 FIG. 5b iz & side view of the fieid-ofview bypass assembly of the opticsl
system of FIG, 1a, shown with the housing of the oplical system removed, and

with the field-of-view bypass assembly in the bypass configuration;

[0012] FiG3. Sais a front parspective view of the fleld-ofview bypass assembly
of the optica! system of FIG. 1a, shown with the housing of the optical system
removed, and with the field-of-view bypass assembly in the retracied or non-

hypass configuration;

{8013} FiG. 8b is g front perspective view of the fisld-of-view bypass assambly
of the optical system of FIG. 1a, shown with the housing of the optical system
removed, and with the fisld-of-view bypass assembly in the bypass

corfiguration,

[0044] FIG 7a iz a front view of the field-ofview bypass assembly of the opticsl
system of FIG, 1a, with the field-ofvigw bypass assembly in the retracted or

ner-bypass configuration;

048] FiG. 7his a frond view of the fisld-ofview bypass assembly of the oplical
systam of FiG. 1a, with the fisld-ofview bypass assembly in the bypass

configuration,;

[Bu18} FiG. Ba iz & side view of the field-ofview bypass assembly of the optical
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system of FIG, 1a, with the field-ofvigw bypass assembly in the retracted or

norn-bypass configuration;

[0017] FiG. 8his a3 side view of the field-of-view bypass assembly of the oplical
system of FIG. 1a, with the fisld-of-view bypass assembly in the bypass

configuration,

[B018} FiG. Ba is a rear view of the fisld-of-view bypass assembly of the oplical
system of FIG. 1a, with the field-ofview bypass assembly in the relracted or

norn-bypass configuration;

6019 FiG. Bhis a rear view of the field-ofwview Dypass assembly of the optizal
system of FIG. 1a, with the fisld-of-view bypass assembly in the bypass

configurakion,

{poza} FiG. 10a is a boltom perspective view of the fisid-ofview bypass
assembly of e optical system of FIG. 1a, with the fisid-of-view bypass

assembly in the retracted or non-bypass configuration;

(60213 FIG. 10b is & botlom perspective view of the fieid-of-view bypass
assembly of the optical system of FIG. 1a, with the fisid-of-view bypass

assembly in the bypass configuration,

022} FiG. 11 iz 3 partial exploded view of the fisld-of-view bypass assembly of

the optical system of FIG. 1a;

(00233 FIG. 12ais & front perspective view of an optical systemn of a refischive
telescope having ancther field-of-view bypass assembly, shown with a housing
of the pptical system removed, and shown in a retracied o non-bypass

configuration in accordance with ancther example of the present disclosure;

[024] FiG. 120 is a front perspective view of the optical system of FIG. 123,
with the field-of-view bypass assembly in a bypass configuration in accordancs

with an example of the present disclosure;

[pu2s} FiG. 13ais & front view of the fleld-ofview bypass assembly of the

optical system of FIG. 12a with the fisld-of-view bypass assembly in the
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retracied or non-bypass configuration;

[0028] FiG. 13k is a front view of the fisld-of-view bypass assembly of the
optical system of FIG3. 128, shown with the housing of the optical sysiem
removed, and with the field-ofview bypass assembly in the bypass

configuration,

{027} FIG. 14ais s side view of the field-ofview bypass assembly of the optical
system of FIG. 123, shown with the housing of the oplical system removed, and
with the fisld-of-view bypass assembly in the retracted or non-bypass

cordfiguration, and

[0028) FIG. 14D is & side view of the fisld-of-vigw bypass assembly of the optical
system of FIG, 12a, shown with the housing of the optical system removed, and

with the field-ol-view bypass assembly in the bypass configuration.

[0029] Reference will now be made to the examplary embodiments Hlustrated,
and specific language will be used herein o describe the same. i will
nevertheiess be undersicod that no limitation of the scope of the invention is

theraby intended.

DETAILED DESCRIPTION

(00307 As uzed herein, the term "substantially” refers o the complete or nearly
complate axtent or degree of an action, characteristic, property, slate, structurs,
ftem, or resull. For example, an obiect that is “substantialhy” enclosed would
rean that the object is sither complately enclosed of nearly completsly
anclosed. The exact allowable degree of deviation from absolule complelensss
may in some cases depend on the specific context. However, generally
speaking the neamess of completion will be s0 as © have the same overall
result as if absolute and {otal compiation were oblained. The use of
“substantially” is equally applicable when used in a negative connotation o refer
i the complete or near complets lack of an aclion, characteristic, property,

state, structure, ilem, o resuit.
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8031} As used herein, “adiacent” refers {0 the proximity of two siructures or
glaments. Particularly, slements that ars identified as being "adiacent” may be
gither abutling or connectad. Such glements may also be near or close 0 each
gither withoul necessarily contacling each other. The exact degree of proximity

may in some cases depend on the gpecific context.

00321 An initial overview of techinology embodiments is provided below and
then specific technology embodiments are describad in further detall later, This
initial summary is intended to aid readers in understanding the technology mors
quickly but is not intended (o dentify key fealures or esseniial fealures of the

fechnoingy noris it intended 1o limit the scope of the claimed subject malter

00331 in one example, there is provided an optical system that can be partof z
refiective, high-magnification telescope, which in urn can be parly of a urreted
sensor systamt. The telescope, or oplical system thereof, can direct collimated
light 1o one oF more imagers or detectors, such as infrared (IR} sensors, mid-
wave infrared (MWIR) sensors, short wave infrared (SWIH) sensors, day
television (DTVY) cameras, etc. The optical system can have multiple curved or
flat mirrors that direct lighi beams recsived through a single window 1o the one
of morg imagers or detectors, defining an oplical assembiy a primary optical
path. in addition, the optical system can have a normal or standard
configuration with a narrower figld-of-view and a higher magnification {such as
4x3, and z bypass or swilch assembly that can ransition the optical system o a
widar fisid-of-view and a lowsr magnification (such as 1x). The bypass
assembly can have a bypass mirror that inferrupis the pamary optical path o
creaie g secondary optical path, and that can bypass one or more of the curved
mirrers of the optical assembly, thus altering & magnification of the opticg
sysiem. In ong aspect, the bypass assembly can he compact and provided in
an existing and available space of the oplical sysiem. The bypass assambly
and the bypass mirrer can have an exiendsd bypass configuration and 3
retracted storage configuration. The bypass assembily can be arlicuiated so that

the bypass mirror can be both ransiated or displaced, and orlented or lilled, into
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the mimary oplical path, and between the bypass and refracted configurations.
i the retracied configuration, the bypass mirror and the bypass assambly can
be disposed in an existing lateral volume belween the optics! syslemand g
housing containing the oplical system. The bypass assembily can be slered in a
widdih of the wall of the housing of the optical assembly of the telsscope. Thus,
the bypass assembly can minimize stow velums. In another aspect, the bypass
assembly can resist or control stray light reflections. For exampleg, the bypass
mirror of the bypass sysiem can be oriented 1o face towards the housing and
away from the optical systam when orientad in the retracted configuration.
Thus, the bypass assembly can minimize or contred stray light reflections. In
addition, the bypass assambly can be self-shuttering. Utllizing the articulated
bypass assembly can also minimize extarior windows, Le. utilize a single
window, and can have both the wider and narrowsr fisid-of-views coincident for
fizld-ofview coincidence. The bypass assembly and the bypass mirror reflecis

and fransiates a wider imager fisid-ofvisw out through a main aperture window.

(2034} FiG. 1a depicts an optical system 10 of a reflective, high-magnification
telescope with a fisid-of-view bypass or swilch assembly 14 in g refracted,
storage, normal or non-bypass configuration R, while FIG. 1k depicts the optical
system 10 with the figld-of-view bypass assembly 14 in an exiended or bypass
configuration B, Similarly, FIG. 2a depicls the oplical system 10 with the field-
of-view bypass assembly 14 in the relracted configuration R, while FIG, 2b
depicts the optical system 10 with the fisid-olview bypass assembly 14 in the
bypass configuration B, The optical system 10 with the bypass assembly 14 in
the retracied configuration R can correspond o 2 normal use configuration of
the optical assembly and the telescope, and a narrower fisld-oi-view, while the
optical system 10 with the bypass assembly 14 in the bypass configuration B
can corespond to a wider fisld-of-view., The optical system 10 can have a
housing or frame 18 with a single window or opening or inlet 22. The window 22
can be faced forwardly or iowards a scene or object of interest. The housing 18

can contain and carry multiple optics and optical elements. The oplical system
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10 and the housing 18 can be an axisting optical system and an axisting
hiousing with a definad configuration, size, and shape with existing dimensions.
in the refracted configuration R, the bypass assembly 14 utilizes availgbie space

in the housing 18 of the existing optical systen and the axisting housing.

[0038) FIG. 3 depicts a biock diagram of ihe optical system 10 in normal or
standard configuration {corresponding to the bypass assambly baing in the
retracied configuration}. The housing 18 conlains and carries multipls optical
glaments, such as a curved primary mirror 28, a curved secondary mirror 30, a
first flat mirror 34, & curved tertiary mirror 38, and a second fiat mirror 42, all
ingether defining an optical assembly 48, Other oplical elements can be
included in the optical assembly 48, and some optical slements can be omifted
based on nesd or desired configuration. in addition, other optical elements can
he disposed outside of the housing 18, In ong example, these optical elemants
can be part of g fore optics assembly of the reflection, high-magnification
telescope. Yhile this optical assembly 46 and this tslescope utilizes powered

mirrors and fiat mirrors, other islescope forms can be used.

f0038] incident beams {Le., Hghi or light rays) from a scene or an objec! (not
shown) can be passed through the single aperiure or window 22 and reflected
by ihe oplical assembly 48 o one or more deteciors, sensors o cameras 50,
aither in the housing 18 or cutside of the housing 18, The optical assamibly 48
can be arranged 1o define a primary optical path 54 to the detecior{s; 5. The
privnary optical path 54 can correspond 10 a narrowst fleid-ofview, with the
bypass assembly 14 in the refracted configuration K. The baams or light rays
can impinge or can be incident upon the primary mirror 26, Statad differently,
the primary mirror 26 can be situated relative © the window 22 1o receive the
heams or light rays. The beams or light ravs can then be reflected by the
primary mirrer 26 to the sscondary mwirror 30; from the secondary mirror 30 1o
the first flat mirror 34, from the first 8at mirror 34 o the tertiary mirror 38, from
the tertiary mirror 38 1o the second flat mirror 42; and from the second flat mirror

42 o the ong or more detectors, sensors or cameras 50 Again, the

PCT/US2018/055509
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configuration of the oplical assembly 48, and the number and types of mirnror,

can be variad based on the desired configuration.

00371 The one or more detectors, sensors or cameras 50, for example, can
receive and ransmit signals associated with the beams or the ightrays to 3
computer system or displays (not shown in a known manner for processing the
signals. Allermnatively, one delector or a multiplicity of other sensors can recaive
the signals. I any eveni, the detector can be any suitable imaging detecior or
sensor for a {elescops, such as a CCL, OMOS, photodicde array, light emitling
device or other suitable imaging sensor capable of receiving and wransmitting

signais pertaining o light rays.

[0038) Referring again to FIGE. 1a-2b, 3 iateral volume 58 is defined betwsen z
lateral perimeler 62 of the optical assembly 48, or the primary optical path 54,
and a iateral side 88 of the housing 18, In one aspect, the laters! perimeter 82
of the optical assembly 48 can be defined by a lateral parimeter of the primary
mirror 26, or the lateral perimeter of the window 22, or both. The lateral
direction is laken relative 10 a longitudingl &xdis of the housing 18, such as that
defined by the primary optical path 54, and can be towards the lateral side 68,
as shown, or above or below depending on the configuration of the optical
assembly 458, In oneg aspect, the lateral volume 58 can axist in an existing
configuration of the housing 18 and the optical assambly 48, as shown, Thus,
the bypass assembly 14 can iake advaniage of an existing iateral volume 58, In
ancther aspect, the housing 18 and the optical assembily 46 can be sized,
shapad or located o create and define ihe ialeral volume 58, Thus, the iateral
volums can be oraatad for the bypass assembly 14 The bypass assembly 14
can be disposed in the isteral volume 58 in the retracted configuration R, as
shown in FIGE. 1a and 2a.

[p039) FIGE. 4a and 4b depict looking into the optical system 10 with the
hiousing 18 removed for clanly, and with the bypass assembly 14 in the
retracted condiguration R and the bypass configuration B, respeciively.

Simitarly, FIGS. Sa and Sb depicts locking laterally at the optical sysiem 10,



CA 03083358 2020-05-22

WO 2019/118054 PCT/US2018/055509

10

15

20

25

30

again with the housing 18 removed for carity, and with the bypass assembly 14
in the retracted configuration R and the bypass configuration B, respectively.
Simitarly, FIGS. 8a and Sb depict locking from a perspective view at the optical
system 10, again with the housing 18 removed for clarily, and with the bypass
assembly 14 in the retractad configuration R and the bypass configuration B,
respectively. The bypass assembly 14 can comprize a bypass mirror 70
movably coupted with respect (o the optical assembly 48 {(and the housing 18 as
shown in FIGE. 1a-2k). In one aspect, the bypass assembly 14 can have a
single bypass mirror 70 The bypass assembiy 14 can be articuiated so that the
bypass mirror 70 can be selectively fransiatable and tltable, or displaceably and
grientable, betwaen the bypass orientalion B and the refracted orientation K.
Thus, the bypass mirror 70 both transiates and tilts together between the
orientations. Tha bypass configuration B and the retractad configuration K are

different wiih respect {0 ong another,

{80401 In the bypass configuration B, the bypass mirrer 70 is disposed in and
interrupts the primary optical path 54, and is orlented to define a secondary
optical path 74 {o the delector 50, as shown in FIGE. 5b and 8b. The secondary
optical path 74 can corresponding 1o a wider field-oi-view than the primary
optical path 54, In one aspect, the bypass mirror 70 interrupts the primary
optical path 54 in the bypass configuration B, and bypasses oplical elements of
the optical assembily 48 that magnify the image, and reduce the fisld-ofview.
Cther optical slements 79 can also pivot infe the secondary optical path 74
whert the bypass mirrer 70 is in the bypass configuration B, as shown in FIGS,
1k, 2h and 8b.

{80441 In the retractad configuration R, the bypass mirrer 70 is both dispossd
out of the primary oplical path 54, and is oriented fransverse with respect o the
bypass configuration B, Thus, the bypass mirrer 70 is both displaced and
racriented. As mentioned above, the mirror 70 is both displaced and tilted
together. In addition, in the relracied configuration R, the bypass mirror 70 can

be oriented o face away from the primary optical path 54 and the optical
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assembly 48, Thus, the bypass mirror 70 can be both positioned and orientsd
to oppose a lateral side of the oplical assembiy 46 in the retracted configuration.
in ancther aspect, in the refracted configuration R, the bypass mirror 70 can be

disposed against or can abut to the laleral side 68 or wall of the housing 18

(00423 Referring again to FIGS. 1a-2b, the bypass mirror 70 is disposed in the
lateral volume 58 in the retracted configuration R In addition, in the retracied
configuration R, the bypass mirror 70 can be orienied o face towards the
housing 18 and the isleral wall 85 thereof. The bypass mirror 70 can be hoth
positioned and oriented 1o oppose the lateral wall 86 of the housing in the

relracted configuration R, Thus, the bypass assambly 14 can be self-shuttering.

(00433 Thus, the bypass mirror 70 can bDe sslectivaly ransiatable bebveen two
different posiions, namely, & bypass position {shown with the fisld-of-view
bypass or swilch assembly 14 in the bypass configuration B), and a retracted
position {shown with the field-of-view bypass or switch assembly 14 i the
retracted configuration K) different from the bypass position. In the bypass
position, the bypass mirror 70 is disposed in and interrupts the primary oplical
path 54, In the retracted position, the bypass mirror 70 is disposed oul of the
primary optical path 54, in addition, the bypass mitror 70 is selectively tiltable
{iLe., can be tiled as neaded or desired) belween fwo different onentations,
namely, & bypass orientation, and a retracted orieniation different than the
bypass orientation. The bypass orientgtion can corespond © the bvpass
position, and the retracted orientalion can correspond 1o the retracted position.
in the bypsss orientation, the bypass mirror 70 is oriented {0 define the
secondary opticat path 74 o the detector, and can correspond o the wider field-
gi-view. In the retracied crientation, the bypass miror 70 is oriented fransverse

with respact o the bypass orientation.

{p044} Referring again {o FIGE. 6a and 8b, the bypass mirror 7C can be
movabie aboul multiple dagress of movement or freedom. For example, thea
bypass mirror 70 can swing or transiaie about 8 first axis 78, and can bwist or tilf

about a second axis 82, In addition, the bypass mirror 70 can be moved about

10
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the mulliple degrees of movement or freedom, and batwean the bypass and
retracted configurations B and R, by a single actuator, such as a micre moior 88
with a gearhead and an integral encoder. Furthermors, the second axis 22 isealf

car be moved and orienied with respect {0 the first axis 73, as shown

[0048) FIGS. 7a and 7b depict looking forwardly into the bypass assembly 14
without the housing 18 and the optical assembly 48, in the relracted
configuration R and the bypass configuration B, respectively. Similardy, FIGS.
Ba and 8b depict looking lateraily at the bypass assembly 14 without the
housing 18 and the optical assembly 48, in the relracted configuration R and the
bypass configuration B, respeciively. Similarly, FIGES. Ba and 8b depict inoking
rearwardly at the bypass assembly 14 without the housing 18 and the optical
azsembly 48, in the retracied configuration K and the bypass configuration B,
respactively, Similarly, FIGE, 108 and 10b depict looking from a lower
perspective at the bypass assembly 14 without the housing 18 and the optical
assembly 48, in the retracted configuration R and the bypass configuration B,

respectively. FIG. 11 depicts the bypass assembly 14 partially exploded.

[0048] The bypass agsembly 14 can further comprise a swing arm 20 pivotally
coupled with respact to the optical assembly 48 (FIGE. 18-88) and the housing
18 (FIGS. 18-3). In one aspect, the swing arm 80 can be pivotally coupled o g
mount 84, which in furn can be mounied 1o, carried by and disposed in the
housing 18 (FIG3. 12-3). Thus, the swing arm 80 is pendent from the mount 84,
The mount 84 and the swing arm 80 can be pivotally coupled togsether by an
axle 88, which can define the first axis 78 (FiGE. 8a and 6b). The mount 84 can
alzo have offsel cams stops o adjust elevation and azimuth angle of the bypass
mirrer 7G. In one aspect, the swing arm 80 can pivot approximately 82 degrees
to ransiate or displace the bypass mirror 70 between the bypass and relracted
configurations B and B. The bypass mirror 70 is camied by a distal end of the
swing arm 20. Thus, as the swing arm 80 pivols about the axie 88, the bypass
mirror 70 iz displaced bebween the bypass and retracied configurations B and R,

The swing arm 80 is selechively swingabie by the motor 88 to position tha
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bypass mirrer 70 belween the bypass and the refracted condfigurations B and R

[00477 In addition, the bypass mirror 70 can be pivotsily coupled o the swing
arm 80 so that the bypass mirror 70 both swings or pivots along with the swing
arm 80, and tilis or pivols with respect o or on the swing arm 80 The bypass
rnirror 70 can be pivotally coupled o the swing anm 80 by an axis 102 (FIG. 11,
which can define the second axis 82 (FIGS. Sa and 6h). Thus, the bypass
mirror 70 can be coupled 0 the axiz 102, and can pivot with respect 1o the
swing arm 90 about the axle 102, and aboul the second axis 82, In one aspsact,
the axie 102 can extend from the bypass mirror 70 and into a bore at the distal
and of the swing arm 80, as shown in FIG. 11, Atorsion spring 106 can be
coupied to the axle 102, and between the bypass mirror 70 and the swing arm
90, The torsion spring 108 can bias the bypass mirror 70 with respect o the
spring arm 80, and namely towards the bypass configuration B, Corresponding
tabsg 110 and 114 can exiend from the bypass mirror 70 and the swing arm 80,
respectively, 1o abul o one another in the bypass configuration B, as shown in
FIGS. 7b and 11

[0048] In addition, the bypass assembly 14 further comprises a ielescoping am
118 that is pivotal with respact o the optlical assembly 46 (FIGS. 1a-8b) and the
housing 18 (FIGS, 1a-3). The lelescoping arm 118 is coupled o and belweaen
the bypass mirror 70 and the housing 18, as shown in FIGE. thand 2b. The
bypass mirrer 70 is coupled o a distal end of the (slescoping arm 118, Inone
aspect, the bypass mirror 70 is suspanded between the swing arm 20 on ong
gnd and the telescoping arm 118 on ancther end. In one aspact, the
felgscoping arm 118 can have a proximal arm 122 configured 10 couple o the
housing 18 (FIGE. 7a-11) and extending into a bore of a distal arm 126 coupled
to the bypass mirror 70, Thus, the slescoping anm 118 can expand and
collapse or comprass, with the proximal amm 122 compressing or collapsing inio
the distal arm 126, and the proximal arm 122 expanding ouwt of the distal arm
126, The telescoping arm 118 can be coupled o the bypass mirrer 70 and the

housing 18 by ball joints s0 that the telescoping arm 118 can pivel with respect
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to both the bypass mirrer 70 and the housing 18, In one example, a distal ball
130 can sxiend from the bypass mirror 70 and into a socket of the distal arm
128, while a proximal ball 134 can extend from the proxdimal arm 122 and into a

socket of the housing 18 or mount on the housing.

[004%] The bypass assembly 14 can comprise the bypass mirrer 70, the swing
arrm 90, the lelescoping arm 118, and the housing 18, As the bypass mirror 70
swings on swing arm 20 from the bypass configuration B o the refracted
configuration R, the tslescoping arm 118 compresses or collapses, and
selectively tilis the bypass mirror 70 against the force of the torsion spring 108
i orient the bypass mirror 70 o face away from the primary oplical path 54, and
the optical assembly 14, and towards the wall 86 of the housing 18. As the
bypass mirror 70 swings on the swing arm 90 from the retracted configuration R
to the hypass configuration B, the telescoping arm 118 extends and slows the
torsion spring 108 to Hi the bypass mirror 70 inlo the primary oplical path B4,
and crigrts the bypass miror 70 to refiect light rays glong the secondary optical
path 74 owards the detector 50, Thus, the torsion spring 108 and the
telescoping arm 118 work together (o selectively orient the bypass mirrer 70 as

the swing arm 20 selactively ransiales the bypass mimror 70,

[0058] Thus, as described above, the bypass mirror 70 is movable about
multinle degress of movement or freedon, such as swinging or iransiating about
the first apds 78 (FIGS. 6z and 8B} by the swing arm 80, and twisting or tilting
about the second axis 82(FIGS. 83 and 8b} by the torsion spring 108 and the
telescoping arm 118, The bypass mirrer 70 can be both franslated and tilted by
the single acluator or motor 86, The motor 88 can have an armature 138
coupied to the motor 86, and selectively movable by the motor 88, such as back
and forth through a substantially 180 degree arc, perhaps bast shown in FIGS,
Sa and 8b. A spring link 142 is coupled {0 and between the armature 138 of the
motor 86 and the swing arm 80, The molor 86 swings the swing arm 80, via the
spring link 142, between the refracted configuration R and the bypass

corfiguration B, In addibion, a stop 148 can be positioned adjacent the motor 86

13

PCT/US2018/055509



WO 2019/118054

10

15

20

25

30

CA 03083358 2020-05-22

and at an end of travel of the armature 138, The sipp 146 can be compliant o
deflect under contact by the armature 138 to passively decelerals the armature
138 at the end of ravel. The stop 148 is sized and positioned 30 that the
armature 1328 contacts the stop 148 at opposite ends of travel of the armature
138. Inone aspect, the stop 148 can have a pair of opposite wings or arms that
extend in opposiie diractions, and sach coresponding 1o a different end of

travel of the armature 138

{8051} Referring now 0 FIGS. 128-14b, ancther optical system of a reflective,
high-magnification telescope with ancther fieid-of-view bypass or switch
assembly 14b is shown, which is similar in many respecis o that described
above, and which description is hereby incorperated herein by refersnce. FIGS.
1Z2a and 12k depict iocking from a perspective view at the optical sysiem, with
the housing 18 removed for clarily, and with the bypass assembly 14b in the
refracied configuration R and the bypass configuration B, respectively.

Simitarly, FIGS. 132 and 130 depict locking into the optlical system, again with
the housing 18 removed for clarity, and with the bypass assembly 14b inthe
retracted condiguration R and the bypass configuration B, respeciively.

Similarly, FIGS. 14a and 14b depict looking iaierally ai the oplical system, again
with the housing 18 removed for clarity, and with the bypass assembly 14b in

the refracted configuration R and the bypass configuration B, respeciively.

{80523 The bypass assembly 14k can comprise a bypass mirror 70b movably
covipled with respeact 1o the oplical assembly 48 {and the housing). inone
aspect, the bypass assembly 14b can have a single bypass mirror 70b. The
bypass assembly 14b can be articulated so that the bypass mirror 70 can be
selectively transiaiable and illable, or displaceables and orientable (2., abls
he orienied), between the bypass configuration B and the refracted
configuration R, Thus, the bypass mirror 70b both ransiales and tilts together
betwaen the configurations. In the retracied configuration R, the bypass mirror
70 is both disposed out of the primary optical path 54, and is oriented

fransverse with respect to the bypass configuration B. Thus, the bypass mirror
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70 is both displaced and reoriented.

00531 As mentionad above, the mirror 70b s both displaced and tilied together
Unlike the bypess assembly 14 described above, in the relractad configuration
R, the bypass mirror 70D can be orientad o face towards the primary optical
path 54 and the optical assembly 48, Thus, the bypass assembly 14D can also
comprise a shulter 150 that folds over the bypass mirror 700 in the retracted
configuration R 1o resist stray light from reflecting off the bypass mirror 70b and
into the optical assembly 46, The shutter 150 can be pivotally coupled by an
axle with respect {0 the housing and the optical assembly 48, In addition, a link
154 can be coupled to and between the shutter 150 and the motor 88 or
armature thareof. Thus, as the motor 83 and armature swing the swing arm 90,
and thus the bypass mirror 70b, belween the bypass configuration B and the
retracied configuration R, it also folds the shulter 150 between an open
orientation (FIGS. 12k, 13b and 14b) and a closaed orientation (FIGS. 128, 123
and 14a), respectively. In one aspedt, the shutter 150 can have a torsion spring
to bias the shutter 150 towards the closed orientation. In another aspect, the
shuiter 150 can fold agsainst, and can ahut o, the bypass mirror 700 in the
refracted configuration R, I ancther aspect, the shutter 150 can have
substantially the sams shape and size as the bypass mirrer 70k, Thus, inthe
retracled configuration R, g perimeter of the shutter 150 can substantially match

a perimetar of the bypass mirror 70

(00547 As described above, the bypass mirror 70b can be biased in the bypass
position of the bypass configuration B by the torsion spring. The bypass mirror
70b can be tilted from the bypass configuration B 1o the retracled configuration
R by interacton with the lateral side orwall 66 of the housing 18, Thus, as the
bypass mirror 70k is swung o the retracted configuration R i shuts o the ialeral
side or wall 86 of the housing 18 o tilt the bypass mirror 70b 1o the retracied
position of the retracted configuration B, In one aspedt, the bypass mirror 70k
can have a cam surface or wheeal 153 on an edge thereof to faciliiate interaction

with the lateral side or wall 88 of the housing 18,
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[p058} Reference was made 1o the examples Hlustrated in the drawings and
specific languags was used herain io describe the sams. twill nevertheless be
understood that no limitation of the scope of the technology is hereby intended.
Adterations and further modifications of the featuras Hustrated herein and
additional applications of the examples as Husirated herein are o be

considered within the scops of the description.

fp0s8} Although the disclosure may not expressiy disclose that some
embediments or features described hersin may be combined with other
smbodiments or fegtures described herein, this disclosure should be read 1o
describe any such combinalions thal would be practicable by one of ordinary
skilf in the art. The user of *or” in this disclosure should be undersiced o mean

non-exciusive on, Le., "and/or” unless otherwise indicated hersin.

9057} Furthermore, the described fealures, structures, or characleristics may
be combined in any suitable mannst it one or more examples. in the preceding
description, numsrous specific details were provided, such a3 examples of
varicus configurations o provide a thorough understanding of examples of the
described technotogy. 1t will be recognized, however, that the technology may
be pracliced without one or more of the specific details, or with other methods,
componenis, devices, etc. In other instances, well-known structures or
opergiions are nol shown or describad in detall o avoid obscuring aspects of

the technoiogy.

100587 Although the subject matier has been descoribed in language specific to
structural features and/or oparations, i is o be undersined that the subject
matier defined in the appended caims is not necessarily limited to the specific
features and opergtions described above. Rather, the specific features and acts
described above are disclosed as example forms of implementing the claims.
Numserous modifications and alternagtive arrangements may be devised withowt

departing from the spirit and scope of the described technology.
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CLAIMS

What is claimed is:

1. An optical system, comprising:
5 a detector;
an optical assembly that reflects light rays through a primary optical path
to the detector; and
a field-of-view bypass assembly, comprising:
a bypass mirror movably coupled with respect to the optical
10 assembly;
the bypass mirror being selectively translatable and tiltable
between:
a bypass configuration with the bypass mirror disposed in
and interrupting the primary optical path and oriented
15 to define a secondary optical path to the detector;
and
a retracted configuration, different than the bypass
configuration, with the bypass mirror both disposed
out of the primary optical path and oriented

20 transverse with respect to the bypass configuration.

2. The system of claim 1, further comprising:
the bypass mirror being oriented to face away from the primary optical

path and the optical assembly in the retracted configuration.

25
3. The system of claim 1, further comprising:
the bypass mirror being both positioned and oriented to oppose a lateral
side of the optical assembly in the retracted configuration.
30 4. The system of claim 1, further comprising:
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a housing containing the optical assembly;

a lateral volume defined between a lateral perimeter of the optical
assembly and a lateral side of the housing; and

the bypass mirror being disposed in the lateral volume in the retracted

configuration.

. The system of claim 1, wherein the bypass mirror is movable about

multiple degrees of movement.

. The system of claim 5, further comprising:

a single actuator operatively coupled to the bypass mirror and moving the
bypass mirror about the multiple degrees of movement, and

between the bypass and the retracted configurations.

. The system of claim 1, further comprising:

a swing arm pivotally coupled with respect to the optical assembly;
the bypass mirror carried by a distal end of the swing arm; and
the swing arm being selectively swingable to position the bypass mirror

between the bypass and the retracted configurations.

. The system of claim 7, further comprising:

a telescoping arm pivotal with respect to the optical assembily;

the bypass mirror coupled to a distal end of the telescoping arm;

the bypass mirror being suspended between the swing arm and the
telescoping arm; and

the telescoping arm selectively tilting the bypass mirror as the swing arm
swings to orient the bypass mirror to orient the bypass mirror to
face away from the primary optical path and the optical assembly

in the retracted configuration.

. The system of claim 8, further comprising:

18
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ball and socket joints at each end of the telescoping arm.

10. The system of claim 8, further comprising:
an axle between the distal end of the swing arm and the bypass mirror;
and
the bypass mirror coupled to the axle and pivoting with respect to the

swing arm about the axle.

11. The system of claim 10, further comprising:
a torsion spring coupled to the axle and biasing the bypass mirror with
respect to the spring arm to orient the bypass mirror to reflect light
rays along the secondary optical path towards the detector in the

bypass configuration.

12. The system of claim 7, further comprising:
a motor with an armature coupled to the motor and selectively movable
by the motor;
a spring link coupled between the armature of the motor and the swing
arm; and
the motor swinging the swing arm, via the spring link, between the

retracted configuration and the bypass configuration.

13. The system of claim 12, further comprising:
a stop positioned adjacent the motor and at an end of travel of the
armature; and
the stop being compliant to deflect under contact by the armature to

passively decelerate the armature.

14. The system of claim 13, wherein the stop is sized and positioned so that

the armature contacts the stop at opposite ends of travel of the armature.
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15. The system of claim 1, wherein the bypass assembly further comprises a
shutter operable to cover the bypass mirror in the retracted configuration
to resist stray light from reflecting off the bypass mirror and into the

optical assembly.

16. An optical system, comprising:
a housing;
a detector;
an optical assembly disposed in the housing and that reflects light rays
through a primary optical path to the detector;
a lateral volume defined between a lateral perimeter of the optical
assembly and a lateral side of the housing; and
a field-of-view bypass assembly disposed in the housing, and comprising:
a bypass mirror movably coupled with respect to the optical
assembly;
the bypass mirror being selectively translatable and tiltable
between:

a bypass configuration with the bypass mirror disposed in
and interrupting the primary optical path and oriented
to define a secondary optical path to the detector;
and

a retracted configuration, different than the bypass
configuration, with the bypass mirror being disposed
in the lateral volume between the lateral perimeter of
the optical assembly and the lateral side of the

housing.
17.The system of claim 16, wherein the bypass mirror is both disposed out

of the primary optical path and oriented to face away from the primary

optical path and the optical assembly in the retracted configuration.
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18. The system of claim 16, further comprising:
a swing arm pivotally coupled with respect to the housing;
the bypass mirror being carried by a distal end of the swing arm; and
the swing arm selectively swinging to position the bypass mirror between

the bypass and the retracted configurations.

19. The system of claim 18, further comprising:

a telescoping arm pivotally coupled with respect to the housing;

the bypass mirror coupled to a distal end of the telescoping arm;

the bypass mirror being suspended between the swing arm and the
telescoping arm; and

the telescoping arm selectively tilting the bypass mirror as the swing arm
swings to orient the bypass mirror to face away from the primary
optical path and the optical assembly in the retracted

configuration.

20. The system of claim 19, further comprising:
an axle between the distal end of the swing arm and the bypass mirror;
and
the bypass mirror coupled to the axle and pivoting with respect to the

swing arm about the axle.

21.The system of claim 20, further comprising:
a torsion spring coupled to the axle and biasing the bypass mirror with
respect to the swing arm to orient the bypass mirror to reflect light
rays along the secondary optical path towards the detector in the

bypass configuration.
22.The system of claim 18, further comprising:

a motor with an armature coupled to the motor and selectively movable

by the motor;
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a spring link coupled between the armature of the motor and the swing
arm; and

the motor swinging the swing arm, via the spring link, between the
retracted position and orientation and the bypass position and

orientation.

23.The system of claim 22, further comprising:
a stop positioned adjacent the motor and at an end of travel of the
armature; and
the stop being compliant to deflect under contact by the armature to

passively decelerate the armature.

24.The system of claim 22, wherein the bypass assembly further comprises
a shutter operable to cover the bypass mirror in the retracted
configuration to resist stray light from reflecting off the bypass mirror and

into the optical assembly.

25. An optical system, comprising:
a detector;
an optical assembly that reflects light rays through a primary optical path
to the detector; and
a field-of-view bypass assembly, comprising:
a bypass mirror movably coupled with respect to the optical
assembly;
the bypass mirror being selectively translatable and tiltable
between:
a bypass configuration with the bypass mirror disposed in
and interrupting the primary optical path and oriented
to define a secondary optical path to the detector;

and

22



CA 03083358 2020-05-22

WO 2019/118054 PCT/US2018/055509

a retracted configuration, different than the bypass
configuration, with the bypass mirror both disposed
out of the primary optical path and oriented to face
away from the optical assembly and the primary

5 optical path.
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