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(57) ABSTRACT 

An apparatus for enhanced vieWing of obj ects in tWo separate 
simultaneous frequency bands of light that is constructed in 
accordance With the principles of the present invention 
includes a primary mirror and a moveable secondary mirror 
that is disposed above the primary mirror to provide a long 
focal length. A beam splitter splits the optical path into tWo 
paths, one for infrared and another path for visible. Various 
optical elements and devices are described along each path. 
The secondary mirror is displaced aWay from its concentric 
position over the primary mirror to provide shorter focal 
lengths in IR and visible. Focal Plane Arrays (FPA’s) are 
disposed Where desired along both optical paths for real-time 
vieWing and data acquisition. The preferred FPA in visible is 
a CCD. The preferred FPA in IR is disposed in a DeWar. 

254 



Patent Application Publication Sep. 10, 2009 Sheet 1 0f 5 US 2009/0225406 A9 

22 

33d 33e 



Patent Application Publication Sep. 10, 2009 Sheet 2 0f 5 US 2009/0225406 A9 



Patent Application Publication Sep. 10, 2009 Sheet 3 0f 5 US 2009/0225406 A9 



Patent Application Publication Sep. 10, 2009 Sheet 4 0f 5 US 2009/0225406 A9 



Patent Application Publication Sep. 10, 2009 Sheet 5 0f 5 US 2009/0225406 A9 

, @Nm _ I1} ,6 \ Ag , \ \ - - //r\... .w? x 

\ \ , u, v» 

@ ©\/.\/ 



US 2009/0225406 A9 

OPTICAL TELESCOPE 

[0001] This invention is related to priorU.S. patent Ser. No. 
10/763,297, entitled “Structure for Supporting an Optical 
Telescope”, that Was ?led on Jan. 21, 2004 and this applica 
tion fully includes the content, speci?cation, and drawings of 
the above application by reference herein and claims bene?t 
of priority thereof. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention, in general, relates to tele 
scopes and, more particularly, to a variable ?eld of vieW 
telescope that is adapted for simultaneous use With visible 
and infrared Wavelengths. 

[0004] Cassegrain types of telescopes *E* are Well 
knoWn re?ector-types of telescopes that are used in both the 
recreational arts for astronomy and ground 4CECi obser 
vation and also for commercial purposes as Well as for certain 
military applications. In general, they offer a longer focal 
length in a more compact package. It is desirable With all 
optical systems to obtain as much light energy as possible 
(i.e., to provide a large aperture) in as compact and rigid a 
structure as is possible. 

[0005] Variable ?eld of vieW telescopes that include a plu 
rality of ?eld of vieW optical groups for insertion into the 
optical path are also knoWn. The knoWn prior art devices 
utiliZe a “C” structure that extends in an arc from the base of 
a primary mirror to a position over the primary mirror. A turret 
attached to the upper end of the C structure is used to suspend 
the plurality of optical groups a predetermined distance over 
the primary mirror. 

[0006] The plurality of optical groups that are disposed on 
the turret are arranged for sequential insertion of one group 
into the ?eld of vieW folloWing the simultaneous WithdraWal 
of a preceding group from the ?eld of vieW. Accordingly, one 
optical group is alWays disposed in the ?eld of vieW. 

[0007] While providing the bene?t of being able to With 
draW and then insert one of several optical groups into the 
?eld of vieW (to affect the ?eld of vieW), there are several 
disadvantages inherent With this type of design. An important 
disadvantage is that the C structure incurs considerable ?ex 
ing that is an inherent characteristic due to the length of the 
arm and the fact that it is supported only at the base of the 
structure. 

[0008] This can cause misalignment of the optical groups 
and resultant distortion in the optical path. Also, because of 
the long length of the C structure, thermal expansion and 
contraction effects can further contribute to misalignment and 
error along the optical path or limit the temperature range in 
Which the equipment can properly function. 

[0009] Also, the C structure obstructs a signi?cant quantity 
of light energy that Would otherWise impede upon the primary 
mirror. The C structure provides only one point of mechanical 
support. Therefore, it must be mechanically large and strong 
enough so as to suf?ciently limit ?exing and vibration. 
Because the structure is supported on the outside of the pri 
mary mirror, a long moment arm is also created from the base 
of the C structure to the turret. It is the long moment arm that 
is subject to ?exing and the turret that is subject to vibration. 

Sep. 10, 2009 

[0010] Vibration can be in response to any mechanical 
energy that the C structure experiences. For example, vibra 
tion of the engine(s) that propel the vehicle or aircraft may be 
transmitted to the C structure. While there is alWays the 
possibility for vibration of the moment arm, there is also the 
possibility that the length of the arm can resonate in a har 
monic frequency thereby increasing the amplitude of vibra 
tion. 

[0011] To minimiZe ?exing and vibration of the C structure 
design, it is built as large and as strong as it needs to be in 
order to function in any given environment. HoWever, this is 
not desirable because it is preferable that the C structure be as 
small as possible so as to minimiZe the amount of light energy 
that it obstructs. Accordingly, a tradeoff is made in the prior 
art design that sacri?ces light gathering ability for necessary 
rigidity. 

[0012] Also, the larger the C structure is, the heavier it also 
becomes. This is another limitation that is an especially 
important consideration in various circumstances, for 
example, When the telescope is used in an aircraft or space 
craft. While it is desirable that a telescope be lightWeight, this 
is crucial in certain applications. 

[0013] The prior art design also relies upon the use of 
moveable hard stops to repeat the position that the plurality of 
optical groups are maintained in. This limits the speed by 
Which optical groups can be changed Without causing dam 
age. 

[0014] Furthermore, When any of the plurality of optical 
groups are moved into and out of the optical path, it is desir 
able that precise repeatability of their position occur, else the 
optical path is adversely affected. The prior art designs that 
require variability in the stops are unable to provide optimum 
repeatability in the positioning of the optical groups. 

[0015] An especially signi?cant limitation With the prior art 
designs is that the ?eld of vieW changes in steps according to 
the number and optical characteristics of the various optical 
groups. It is desirable to be able to step in IR and also to 
provide a progressive Zoom capability in visible as Well, 
Which the prior art fails to provide. 

[0016] The prior art designs are also limited in their ability 
to provide both IR (infrared) and visible light gathering abil 
ity. Separate optical paths are typically required. If the tele 
scope is used in a gimbal ball, for example, this Would result 
in having tWo apertures in the gimbal ball, one for visible and 
one for IR. This is undesirable for many reasons. 

[0017] There are many light frequencies that may be of 
interest. It is desirable to be able to vieW tWo or more channels 
simultaneously and also to change the ?eld of vieW (FOV) 
from betWeen Wide angle FOV (loWer magni?cation) and 
narroW FOV (higher magni?cation) capabilities. Prior art 
designs have been unable to effectively sWitch back and forth 
betWeen infrared and visible light While also providing a 
Zoom capability in visible. 

[0018] For many applications it is desirable to be able to 
Zoom in the visible spectrum. For example, if after detecting 
an object of interest using a Wide ?eld of vieW (in either the 
visible spectrum or IR spectrum), it is desirable to thenbe able 
to narroW the ?eld of vieW and Zoom in to complete a closer 
examination of the object. If the object of interest Was ?rst 
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discovered as a presence in the infrared spectrum, it may be 
desirable to switch to the visible spectrum and Zoom in 
accordingly. 
[0019] It is also desirable to be able to gather data in both 
spectrums simultaneously, for example in a narroW FOV in IR 
and in visible. Ideally, the data in both Wavelengths could be 
recorded for future comparison and subsequent analysis. It is 
desirable then that a recording camera or some other type of 
transducer (i.e., a focal plane array; EPA) be placed in the ?eld 
of vieW, as desired. 

[0020] Prior art designs have provided limited Zoom capa 
bility in the visible spectrum. This is because a rigid and 
relatively long physical path is required to house the optical 
elements that typically accompany an optical Zoom system. 

[0021] Furthermore, space is often a commodity in short 
supply, especially if the telescope is to be housed in a gimbal 
ball. 

[0022] Accordingly, it is desirable to be able to provide a 
space to accommodate the optical elements of a visible Zoom 
optical system and do so in such manner as to provide an 
optimally long linear path that is especially rigid. It Would 
also be a signi?cant and unexpected bene?t if the structures 
used for the visible optical Zoom system Were able to provide 
increased rigidity to the overall structure for supporting an 
optical telescope. 
[0023] As mentioned brie?y hereinabove, there are many 
possible frequencies of light (electromagnetic) energy that 
may of interest depending upon the application. It is desirable 
to provide versatility in such an instrument to change the 
transducers and analyZe the relevant spectrums that may be of 
interest. 

[0024] The structural limitations that have, heretobefore, 
prevented the design of such an optical system have been 
satis?ed by the disclosure of the related patent application, 
herein incorporated by reference. Even so, an optical system 
that provides such versatility has been previously unavailable 
and it is the subject of the instant disclosure to describe such 
capability. 
[0025] Accordingly, there exists today a need for an optical 
telescope that helps ameliorate the above-mentioned prob 
lems and limitations. 

[0026] Clearly, such an apparatus Would be an especially 
useful and desirable device. 

[0027] 2. Description of PriorArt 

[0028] Telescopes and Zoom lenses are, in general, knoWn. 
For example, the folloWing patent describes various types of 
these devices: 

[0029] US. Pat. No. 5,907,433 to Voigt et al, May 25, 1999; 
and 

[0030] US. Pat. No. 5,940,222 to Sinclair et al, Aug. 17, 
1999. 

[0031] While the structural arrangements of the above 
described devices, at ?rst appearance, have similarities With 
the present invention, they differ in material respects. These 
differences, Which Will be described in more detail hereinaf 
ter, are essential for the effective use of the invention and 
Which admit of the advantages that are not available With the 
prior devices. 
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OBJECTS AND SUMMARY OF THE 
INVENTION 

[0032] It is an object of the present invention to provide an 
optical telescope that is especially compact. 

[0033] It is also an important object of the invention to 
provide an optical telescope that provides simultaneous vieW 
ing in infrared and visible Wavelengths. 

[0034] It is yet an important object of the invention to 
provide an optical telescope that includes a simultaneous dual 
optical path. 

[0035] It continues as an important object of the invention 
to provide an optical telescope that includes a simultaneous 
dual optical path Wherein each path includes a different Wave 
length of light. 

[0036] Another object of the invention is to provide an 
optical telescope that includes a focal plane array (EPA) to 
capture an image. 

[0037] Still another object of the invention is to provide an 
optical telescope that provides a step ?eld of vieW change in 
infrared. 

[0038] Still yet another object of the invention is to provide 
an optical telescope that provides Zoom capability in visible. 

[0039] Yet another important object of the invention is to 
provide an optical telescope that provides approximately a 
?ve to one change in ?eld of vieW per step change in the ?eld 
of vieW in infrared. 

[0040] Still yet another important object of the invention is 
to provide an optical telescope that provides approximately a 
tWenty-?ve to one change in focal length in infrared. 

[0041] A ?rst continuing object of the invention is to pro 
vide an optical telescope that includes a CCD as the EPA in a 
visible Wavelength beam path. 

[0042] A second continuing object of the invention is to 
provide an optical telescope that includes an EPA in a DeWar 
in an infrared beam path. 

[0043] A third continuing object of the invention to provide 
an optical telescope that includes a Wide and mid FOV in 
infrared Without the use of either a primary or a secondary 
mirror. 

[0044] A fourth continuing object of the invention to pro 
vide an optical telescope that includes a narroW FOV in infra 
red With the use of a primary and secondary mirror. 

[0045] A ?fth continuing object of the invention to provide 
an optical telescope that includes a large aperture for narroW 
FOV focal lengths in either IR or visible. 

[0046] A sixth continuing object of the invention to provide 
an optical telescope that includes an IR turret carousel that is 
adapted to rotate betWeen a plurality of positions, the carousel 
being disposed along an infrared path. 

[0047] A seventh continuing object of the invention to pro 
vide an optical telescope that includes an independent Zoom 
lens group in visible. 

[0048] An eighth continuing object of the invention to pro 
vide an optical telescope that includes a Zoom lens group in 
visible that has a front Zoom group of lenses and a back Zoom 
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group of lenses that move toward each other or aWay from 
each other to increase or decrease focal length. 

[0049] A ninth continuing object of the invention to provide 
an optical telescope that includes an IR turret carousel that is 
adapted to rotate betWeen three positions along an infrared 
path, and Wherein the carousel includes tWo groups of lenses 
for use in mid and Wide FOV and a clear optical path With no 
lenses for use in narroW FOV. 

[0050] A tenth continuing object of the invention to provide 
an optical telescope that includes an EPA in the infrared 
optical path. 
[0051] An eleventh continuing object of the invention to 
provide an optical telescope that includes an EPA in the vis 
ible optical path. 

[0052] A tWelfth continuing object of the invention to pro 
vide an optical telescope that includes an EPA in the infrared 
optical path and an EPA in the visible path for simultaneous 
acquisition of data on tWo different Wavelengths. 

[0053] A thirteenth continuing object of the invention to 
provide an optical telescope that includes an EPA in the infra 
red optical path and an EPA in the visible path for simulta 
neous acquisition of data on tWo different Wavelengths and at 
tWo different focal lengths (i.e., FOV). 

[0054] A fourteenth continuing object of the invention to 
provide an optical telescope that includes an optimized dif 
fraction-limited focal length in both IR and visible. 

[0055] Brie?y, an optical telescope that is constructed in 
accordance With the principles of the present invention 
includes the support structures of the related patent, herein 
incorporated by reference. When a secondary mirror is in 
position, a dichroic beam splitter acts as a band pass ?lter to 
split a primary optical path into tWo paths, one for infrared 
and another path for visible. A narroW FOV is provided for 
infrared along one path and a narroW FOV is provided in 
visible along the other path When the secondary mirror is 
disposed over the primary mirror and both mirrors are 
included in the optical paths. When a secondary mirror is 
displaced aWay from its concentric position over the primary 
mirror, the primary mirror is not used and a shorter focal 
length (i.e., a Wider FOV) is provided for both visible and 
infrared. An IR turret functions as a carousel to insert or 

remove groups of lenses from the IR path, thereby providing 
a step function to vary the IR focal length from Wide to 
intermediate FOV. When the secondary and primary mirrors 
are used, the IR turret is moved to a position that does not 
insert any groups of lenses into the IR path. As desired, a 
Zoom lens group is provided in visible that receives visible 
light that has been collimated after re?ecting off the primary 
and secondary mirrors and the dichroic beam splitter. When 
the secondary mirror is pivoted into a second position (aWay 
from the primary), the dichroic splitter and certain of the 
visible lens groups look directly out into space and receives 
collimated ambient light (all frequencies). The IR and visible 
paths can then be used for calibration purposes or, if desired, 
for vieWing at shorter focal lengths than When the primary and 
the secondary mirror are in use. Focal Plane Arrays (FPA’s) 
are disposed Where desired along both optical paths for simul 
taneous acquisition of real-time data. The output of the FPA’s 
is saved on any preferred media, as desired, for later analysis. 
The preferred EPA in visible is a CCD. The preferred EPA in 
IR is disposed in a DeWar. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] FIG. 1 is a cross sectional vieW of an optical tele 
scope taken on the line B-B in FIG. 2. 

[0057] FIG. 2 is a top vieW of the telescope of FIG. 1 With 
a secondary mirror disposed over and in concentric alignment 
With a primary mirror. 

[0058] FIG. 3 is a cross sectional vieW of an optical tele 
scope taken on the line A-A in FIG. 2. 

[0059] FIG. 4 is a cross sectional vieW of an optical tele 
scope taken on the line C-C in FIG. 2. 

[0060] FIG. 5 is a top vieW of the telescope of FIG. 1 
looking doWn along a center longitudinal axis of the primary 
mirror With a turret and the secondary mirror disposed in a 
second position, out of the optical path. 

DETAILED DESCRIPTION OF THE INVENTION 

[0061] Whenever possible, the reference numerals used in 
patent application Ser. No. l0/763,297, entitled “Structure for 
Supporting an Optical Telescope”, that Was ?led on J an. 21, 
2004, and Which is herein incorporated by reference, are used 
in this disclosure for the purpose of maintaining consistency. 
Certain portions of the speci?cation of the prior patent appli 
cation are essential to an understanding of the instant inven 
tion and these portions have been edited and included herein 
to improve clarity of the instant disclosure. 

[0062] Referring on occasion to all of the draWing ?gures 
and noW in particular to FIG. 1, is shoWn in cross-section, a 
structure for supporting an optical telescope, identi?ed in 
general by the reference numeral 10. 

[0063] The structure 10 is used to support a variety of 
optical components, as are described in greater detail herein 
to provide an optical telescope 100. 

[0064] A base assembly, identi?ed in general by the refer 
ence numeral 12, supports the essential component parts of 
the telescope 100. 

[0065] A large primary mirror 14 gathers substantial inci 
dent radiation thereby providing a large aperture for the opti 
cal telescope 100 in a compact structure. The primary mirror 
14 includes a center aperture 15 that includes a diameter 
suf?cient to clear an upper portion 15a of the base 12. The 
primary mirror 14 rests directly on the base assembly 12 on a 
support ring 13 that provides a circle of support that is proxi 
mate the center aperture 15. 

[0066] A gap 13a exists intermediate the base assembly 12 
and the primary mirror 14. Therefore, the only support for the 
primary mirror is provided by the ring 13 that extends around 
the center aperture 15. 

[0067] The primary mirror 14 is attached to the base assem 
bly 12 by any method that is desired, typically by the use of an 
adhesive. Accordingly, the primary mirror 14 is adhered to the 
ring 13. 

[0068] The center aperture 15 includes a center longitudi 
nal axis 16 (shoWn in dashed line) that passes vertically 
through the center of the primary mirror’s 14 aperture 15. 

[0069] An upright member 18 includes a ?rst end 1811 and 
an opposite second end 18b. The ?rst end 1811 is attached to 
the base assembly 12 at a ?rst location 20 and at a second 
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location 22. The ?rst location 20 is located inside the aperture 
15. The second location 22 is located outside (i.e., beyond) 
the circumference of the primary mirror 14. Attachment of the 
upright member 18 to the base 12 at the ?rst and second 
locations 20, 22 is by a plurality of threaded screWs (not 
shoWn) or any other preferred method. 

[0070] Accordingly, the upright member 18 is supported on 
tWo opposite sides (i.e., the ?rst and second sides 20, 22) at 
the ?rst end 18a. This provides maximum support and rigid 
ity. The upright member 18, because it is supported both 
inside the aperture 15 and beyond the circumference of the 
primary mirror 14, is optimally thin (Which blocks a mini 
mum of incident radiation on the primary mirror 14) While 
also being maximally rigid. See FIG. 2. 

[0071] A secondary mirror 24 is attached to a turret assem 
bly, identi?ed in general by the reference numeral 26. The 
turret 26 is attached to the second end 18b of the upright 
member 18. The turret 26 is adapted to pivot about an axis 27 
from a ?rst position (as shoWn in FIG. 1) in Which a center of 
the secondary mirror 24 aligns With the center longitudinal 
axis 16 into a second position (as shoWn in FIG. 5) in Which 
the center of the secondary mirror 24 does not align With the 
center longitudinal axis 16. 

[0072] In the ?rst position, the turret 26 and the upright 
member 18 (disposed under the turret 26) obstruct a mini 
mum of light energy. In the second position (as is described in 
greater detail hereinafter, the primary mirror 14 is not utiliZed 
and, accordingly, any obstruction of light energy by the turret 
26 or secondary mirror 24 on the primary mirror 14 is, there 
fore, of no consequence. 

[0073] As is further shoWn in FIG. 1, While in the ?rst 
position, a ?rst optical path (shoWn in general by arroW 28) is 
provided in Which incident light 2811 that strikes the primary 
mirror 14, is re?ected to the secondary mirror 24 and doWn to 
a dichroic beam splitter 30 that is disposed on the upper 
portion 15a and elevated over the center aperture 15 of the 
primary mirror 14. 

[0074] The dichroic beam splitter 30 divides (or splits) the 
?rst optical path 28 into a ?rst secondary optical path (shoWn 
by arroW 32) that passes through the beam splitter 30 and 
through the center aperture 15 and into a second secondary 
optical path (shoWn by arroW 34) that is re?ected up off of the 
beam splitter 30 and through a second center aperture 36 of 
the secondary mirror 24. 

[0075] The dichroic beam splitter 30 is a band pass ?lter 
that alloWs longer Wavelengths of light in the infrared spec 
trum to pass through the beam splitter 30 along the ?rst 
secondary optical path 32. The beam splitter 30 appears, 
essentially, as a mirror to the shorter Wavelengths of light. 
Therefore, the shorter Wavelengths of light comprising the 
visible spectrum and beyond are re?ected off of the beam 
splitter 30 along the second secondary optical path 34. 

[0076] Additional optical groups and elements are dis 
posed along the ?rst secondary optical path 32, as shoWn. In 
particular, an IR turret 32a includes a plurality of movable 
optical groups that are described in greater detail hereinafter. 

[0077] The IR turret 32a is urged to rotate by a drive shaft 
32b (see FIG. 3) that passes through an opening provided in 
the upright member 18 proximate the ?rst end 1811 thereof. 
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The drive shaft 32b is poWered by an electrical motor that is 
disposed outside the primary mirror 14. 

[0078] The IR turret 32a rotates about a turret axis 320 that 
passes through a center of the drive shaft 32b and is adapted 
to move at least one optical element 32d into a position that is 
beloW the surface of the primary mirror 14. Placement of the 
optical element 32d beloW the surface of the primary mirror 
14 provides a converging optical bundle having a loW f num 
ber beloW the primary mirror 14. 

[0079] Accordingly, the structure for supporting an optical 
telescope 10 alloWs for the placement of the optical element 
32d beloW the primary mirror 14 in the optical ?eld resulting 
in exceptional optical performance in a compact overall struc 
ture 10. As the IR turret 32a is rotated, additional optical 
elements (that are included as a part of the IR turret 3211) are 
also adapted to be rotated and disposed in the optical ?eld 
beloW the primary mirror 14. 

[0080] The IR turret 32a is a type of a carousel that 
includes, preferably, three different optical con?gurations 
that can be rotated into position along the ?rst secondary 
optical path 32. 

[0081] According to a ?rst optical con?guration for the IR 
turret 32a, as shoWn in FIGS. 1 and 3, an upper group of lenses 
33a is disposed proximate the dichroic beam splitter 30 and 
an opposite loWer group of lenses 33b (including the one 
optical element 32d) are disposed at an opposite end of the IR 
turret 32a. 

[0082] The upper and loWer group of lenses 33a, 33b direct 
the IR optical bundle onto an IR fold mirror 330 Which folds 
(i.e., re?ects) the optical bundle at approximately a ninety 
degree angle to a direction that is substantially perpendicular 
With respect to the center longitudinal axis 16. This alloWs the 
placement of other optical groups, as are described in greater 
detail hereinafter, under the primary mirror 14, thereby pre 
serving the overall compact con?guration of the optical tele 
scope 100. 

[0083] The IR turret 3211 includes a second optical con?gu 
ration (that it is rotated into) that includes a second upper 
group of lenses that, When rotated into position, are also 
disposed proximate the dichroic beam splitter 30 and an 
opposite second loWer group of lenses that are also disposed 
distally aWay from the dichroic beam splitter 30. 

[0084] The ?rst and second optical con?gurations are used 
When the secondary mirror 24 is not in use, When the turret 26 
is rotated into the second position. Accordingly, the ?rst and 
second optical con?gurations of the IR turret 32a provide a 
Wide FOV and mid-range FOV in infrared, along the ?rst 
secondary optical path 32. 

[0085] It is to be understood that the terms infrared and 
visible encompass a range of frequencies and Wavelengths 
and that this range is varied as desired for either the ?rst 
secondary optical path 32 or the second secondary optical 
path 34. 

[0086] If desired, a single frequency (i.e., monochromatic) 
of light can also be used along either optical path, if that is of 
interest. Filtering techniques for selecting any band or fre 
quency are knoWn to those posses sing ordinary skill and these 
techniques can be incorporated after having had bene?t of the 
instant disclosure to provide the desired band or frequency of 
light energy Wherever desired. What is important to under 
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stand is the optical telescope 100 allows the simultaneous 
acquisition of tWo different bands or frequencies along tWo 
different optical paths at all times. 

[0087] The IR turret 3211 includes a third optical con?gu 
ration (that it is rotated into) that does not include any ele 
ments in the IR turret 3211 or otherWise along the ?rst second 
ary optical path intermediate the dichroic beam splitter 3 0 and 
the IR fold mirror 330. The third optical con?guration is 
provided for use When the secondary mirror 24 is disposed 
over the primary mirror 14 as in FIG. 1, and the longest focal 
length in IR (and visible) is provided along the ?rst secondary 
optical path 32. 

[0088] In the third optical con?guration position, the IR 
turret 32a is rotated so that no lenses in the IR turret 32a affect 
the ray bundle of IR that passes through the IR turret 32a. The 
density of the IR ray bundle that impinges on the IR fold 
mirror 330 has, preferably, nearly the same density for all 
FOV’s (i.e., Wide, mid, narroW). 
[0089] Magnets are attached to an outside of the IR turret 
32a at tWo of the three optical con?guration locations, as 
desired, and these magnets are precisely located and are suf 
?ciently strong to retain the IR turret 32a in each of tWo 
positions, absent a torque being applied by the electrical 
motor that Would rotate the IR turret 32a. The electrical motor 
is used only to rotate the IR turret 3211 from one optical 
con?guration position to another and then back again. 

[0090] The magnets are used in the ?rst and second optical 
con?guration locations to precisely maintain the upper and 
loWer groups of lenses of the IR turret 32a in position. HoW 
ever, When the IR turret 32a is in the third position (i.e., When 
no lenses in the IR turret 32a are disposed along the ?rst 
secondary optical path 32), the magnets may be eliminated 
and the IR turret 3211 allowed to oscillate slightly from side to 
side as alloWed by the tolerances of the drive shaft 32b and 
those inherent With the electrical motor. This is because the 
beam path of the ?rst secondary optical path 32 is not affected 
by the slight Wobble of the IR turret 3211 When the primary 
mirror 14 and secondary mirror 24 are included as part of the 
?rst secondary optical path 32. 

[0091] It is preferable that When the IR turret 32a is in the 
third or center position (i.e., in the “no lens” position) that the 
magnets are included and used to better hold the IR turret 32a 
in this position. It is preferable that When the IR turret 32a is 
in either the ?rst or second optical con?guration locations 
(i.e., When the IR turret 32a is rotated to its maximum in either 
direction and When lenses in the IR turret 3211 are disposed 
along the ?rst secondary optical path 32) that hard stops be 
also used and that the magnets used to apply a force to the IR 
turret 3211 that secures it against the hard stops. This is pre 
ferred in order to more precisely control the position of the IR 
turret 3211 When it is introducing lens groups into the ?rst 
secondary optical path 32. 

[0092] In the ?rst and second optical con?guration loca 
tions for the IR turret 32a, the turret 26 has ?rst been moved 
into the second position With the secondary mirror 24 out of 
the optical path. In this instance, the incident light 2811 does 
not re?ect off the primary mirror 14, strike the secondary 
mirror 24, and then impinge on the dichroic beam splitter 30. 
The second position for the turret 26 is shoWn in FIG. 5. 

[0093] The second position in Which the turret 26 has been 
rotated so that the center of the secondary mirror 24 does not 
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align With the center longitudinal axis 16 as shoWn in FIG. 5 
provides a pair of second primary optical paths (as shoWn by 
arroW ends 50 and 52) that are open to receive the ambient 
incident light 2811 directly and therefore features a short focal 
length (and Wide ?eld of vieW). The pair of second primary 
optical paths 50, 52 originate With the ambient incident light 
2811 ?rst striking the surfaces as shoWn. There is no prior 
re?ecting or bending of the incident light 28a, therefore the 
pair of second optical paths 50, 52 become primary paths 
When the turret 26 is in the second position. 

[0094] ArroW end 50 (FIG. 5) shoWs incident radiation 
striking the dichroic beam splitter 3 0. The longer Wavelengths 
(infrared) pass through the beam splitter 30 along a path 
similar to that of the ?rst secondary optical path 32 Where they 
are optimally utiliZed by the optical element(s) 32d in the IR 
turret 32a. 

[0095] The incident light 2811 passes doWn along and 
around the center longitudinal axis 16 and impinges directly 
on the dichroic beam splitter 30 (arroW 50) Where the longer 
Wavelengths (IR) pass through to form the ?rst secondary 
optical path 32 and the shorter Wavelengths are re?ected back 
into space. 

[0096] In the Wide and mid rage FOV positions, the sec 
ondary mirror 24 is disposed aWay from the center longitu 
dinal axis 16 and, accordingly, the ?rst secondary optical path 
32 looks directly into space. The IR band of the collimated 
ambient light that strikes the dichroic beam splitter 30 is then 
focused, as needed, by the upper and loWer lens groups of the 
IR turret 32a When it is in either the ?rst or the second optical 
con?guration positions. 
[0097] The effect on the visible spectrum When the turret 26 
is in either the ?rst or second position is described in greater 
detail hereinafter. 

[0098] After de?ection off the IR fold mirror 330 the ?rst 
secondary optical path 32 continues to an IR focus group of 
lenses, identi?ed in general by the reference numeral 33d. 
The IR focus group 33d is adjusted as needed to compensate 
for distance to the subject. The IR focus group 33d also 
compensates When the turret 33a is moved betWeen any of the 
three optical con?guration locations (i.e., positions). 

[0099] A ?xed group of IR lenses 33e receives the ray 
bundle from the IR focus group and directs it into a DeWar 33]. 
The DeWar is a commercially available assembly that is cryo 
genically cooled. An IR focal plane array 33g (FPA) that is 
sensitive in the IR band receives the inverted image and its 
output is captured. The image can be vieWed in real-time or it 
may be electronically transmitted and stored on a preferred 
media for future use, as desired. 

[0100] It is important to note that the optical telescope 100 
alWays alloWs for simultaneous vieWing (i.e., accessing) of at 
least tWo channels (i.e., bands) of light and that the infrared 
band that passes through the dichroic beam splitter 30 and the 
center aperture 15 along the ?rst secondary optical path 32 is 
alWays active regardless of the focal length that the optical 
telescope 100 is set to. 

[0101] Other changes and modi?cations to the ?rst second 
ary optical path 32 are, of course, possible to those noW 
having had bene?t of the instant disclosure. 

[0102] Referring noW to FIG. 3, Which shoWs an interior of 
the turret 26, the second secondary optical path 34 also 
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includes an optical element group 38 (lenses) that are dis 
posed proximate the second center aperture 36. The optical 
element group 38 is a correction group of three lenses used 
correct errors introduced by the Cassegrain con?guration 
(i.e., the primary mirror 14 and the secondary mirror 24). 

[0103] The second secondary optical path 34 is active only 
When the turret 26 is in the ?rst position (i.e., When the 
secondary mirror 24 is disposed over the primary mirror 14). 

[0104] The second secondary optical path 34 continues up 
inside of the turret assembly 26 until it impinges on an angled 
mirror 40. The angled mirror 40 acts as a ?rst visible fold 
mirror that redirects the second secondary optical path 34 
approximately ninety degrees so that it is noW perpendicular 
With respect to the center longitudinal axis 16. 

[0105] The second secondary optical path 34 then passes 
through four lens elements in a collimation group, identi?ed 
in general by the reference numeral 35. A ?rst element 35a of 
the collimation group 35 extends a substantial amount along 
a longitudinal axis, through three other elements 35b, 35c, 
35d and out into the turret 26 interior. 

[0106] The second secondary optical path 34 is collimated 
When it leaves the fourth element 35d of the collimation group 
35. Accordingly, if one Were to place their eye and look 
backWard into the second secondary optical path 34, it Would 
look like an ambient image, only magni?ed by the focal 
length provided by the second secondary optical path 34. The 
image, according to a preferred embodiment, Would appear to 
be approximately tWenty times its normal siZe anyWhere 
along the collimated portion of the second secondary optical 
path 34. Accordingly, the eye Would be able to focus the 
magni?ed image because the human eye is inherently 
designed to focus collimated ambient light. 

[0107] The collimated second secondary optical path 34 
then continues to pass longitudinally along the length of the 
turret assembly 26 arm Where a second visible fold mirror 42a 
further redirects the collimated second secondary optical path 
34 in the turret 26 at a right angle. 

[0108] The redirected second secondary optical path 34 is 
still perpendicular With respect to the center longitudinal axis 
16 and it noW extends along a portion of a section of FIG. 2 
that is identi?ed as section C-C until the second secondary 
optical path 34 visible light impinges on a third visible fold 
mirror 42b Where it is noW redirected at another ninety degree 
angle doWnWard in a direction that is substantially parallel to 
that of the center longitudinal axis 16 but beyond the outer 
circumference of the primary mirror 14. 

[0109] Section C-C extends beyond that portion that the 
second secondary optical path 34 traverses. Only the portion 
of section C-C that is disposed betWeen the second visible 
fold mirror 42a and the third visible fold mirror 42a corre 
sponds With the actual path taken by the second secondary 
optical path 34. 

[0110] Referring noW to FIG. 4, the still collimated second 
secondary optical path 34 enters into a linear tubular structure 
46 that is attached to the upright member 18. 

[0111] The second secondary optical path 34 is collimated 
until it enters a visible focus group of lenses 47a. The focus 
group 4711 is adjusted to provide range correction for the 
distance of the object that is being vieWed. The light in the 
second secondary optical path 34 is no longer collimated. 
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[0112] The second secondary optical path 34 leaves the 
focus group 4711 and enters into a front Zoom group of lenses 
47b. The front Zoom group 47b cooperates With a back Zoom 
group 470 to provide Zoom capability in visible Wavelengths. 

[0113] The front Zoom group 47b moves in unison toWard 
the back Zoom group 470 as the back Zoom group 470 moves 
in unison simultaneously toWard the front Zoom group 47b to 
provide a longer focal length (i.e., increased magni?cation or 
Zoom). 
[0114] Conversely, the front Zoom group 47b moves aWay 
from the back Zoom group 470 as the back Zoom group 470 
moves simultaneously aWay from the front Zoom group 47b 
to provide a shorter focal length. 

[0115] Accordingly, a variable Zoom capability is pro 
vided. The position of the front Zoom group 47b and the back 
Zoom group 470 as shoWn in FIG. 4, shoWs the minimum 
focal length that is possible for the tWo Zoom groups 47b, 470. 

[0116] The Zoom capability provided by the optical com 
ponents in the front group 47b and the back group 470 provide 
a progressive Zoom capability, Where exactly the desired 
degree of Zoom is realiZed by progressively moving select 
elements of the tWo Zoom groupings 47b, 470. 

[0117] Continuous Zoom is better than a step function for 
tracking in the visible spectrum in that any object of interest 
in the visible spectrum is alWays visible When Zooming, 
Whereas by Way of contrast, the object disappears from vieW 
momentarily When “stepping” from one focal length (magni 
?cation) to another focal length (magni?cation) and it must 
then be re-acquired Which can be dif?cult as it Will not look 
the same (it Will be either larger or smaller or only a portion of 
it may be visible) Which can impede identi?cation and rapid 
re-acquisition. 
[0118] In order to achieve the desired visible Zoom capa 
bility With a high quality optical arrangement, it is necessary 
to arrange the optical components of each Zoom group 47b, 
470 along a relatively long linear path so that the components 
in each grouping 47b, 470 can be moved longitudinally a 
required amount in order to affect the ?eld of vieW (i.e., to 
Zoom in or out). 

[0119] The light of the second secondary optical path 34 
leaves the back Zoom group 470 and enters a visible ?xed 
element group 47d. The ?xed element group 47d focuses the 
visible light on a CCD 49. The CCD 49 is a type of FPA and 
it provides real-time data acquisition for vieWing or storage in 
a desired media for future use. 

[0120] The ?rst and second secondary optical paths 32, 34 
and of course, the ?rst primary optical path 28 features a long 
focal length (i.e., greater magni?cation). 

[0121] Referring again to FIG. 5, With the turret 26 in the 
second position, arroW end 52 shoWs incident radiation strik 
ing the optical components of the focus group 47a that are 
disposed at the top of the tubular structure 46, Which is noW 
open to ambient light 28a. 

[0122] The shorter Wavelengths pass through the optical 
groups 47a-47d along a path similar to that of the second 
secondary optical path 34 Where they are optimally utiliZed. 
Other Wavelengths may also pass through the optical groups 
47a-47d or they may be blocked by ?lters or coatings applied 
to any of the elements in any of the groups 47a-47d, as 
desired. 
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[0123] In this mode (i.e., When the turret 26 is in the second 
position as shoWn in FIG. 5), the optical telescope 100 has a 
Wider ?eld of vieW for both infrared and visible that can be 
used to scan for objects of interest simultaneously in both 
spectrums of light. 

[0124] It is important to note that When the turret 26 is in 
either the ?rst or second position, that tWo optical paths 
alWays remain active allowing for simultaneous tWo-channel 
vieWing in both IR and visible. 

[0125] Of course, depending upon hoW the optical tele 
scope 100 is to be used, it is possible to modify the compo 
nents so that any of the optical paths (i.e., the ?rst secondary 
optical path 32, the second secondary optical path 34 or either 
of a pair of second primary optical paths 50, 52) can be 
con?gured to include any spectrum of light that is desired. 

[0126] It may at times be desirable to scan in a Wide ?eld of 
vieW, possibly looking for objects of interest in the infrared 
spectrum. When an IR source is detected, it may be desirable 
to engage in further observations in the visible spectrum, 
possibly Zooming in. If more magni?cation is desired, it may 
desirable to rotate the turret 26 into the ?rst position (i.e., the 
long focal length as shoWn in FIGS. 1, 3, and 4) and study the 
object closer (With even more magni?cation) in either or both 
the IR or visible spectrums, While again Zooming in or out as 
desired in visible. The IR turret 3211 allows for a stepped Zoom 
capability in IR. Other optical components or groupings (not 
shoWn) can be added, if desired, along the ?rst secondary 
optical path 32 to provide Zoom capability in IR. 

[0127] It is also very important to note that When the turret 
26 is in the second position, the secondary mirror 24 is not 
disposed over the dichroic beam splitter 30, Which then 
becomes the aperture for shorter focal length (Wide ?eld of 
vieW) observations in IR. This is extremely important because 
no energy is lost by impinging on any of the component parts 
of the turret 26 When it is in the second position, neither over 
the beam splitter 30 nor over the optical groups 47a-47d in the 
tubular structure 46. 

[0128] It is also especially important to note that the turret 
26 only places a single group of optical elements 38, 40 in the 
?eld of vieW along the second secondary optical path 34. As 
it rotates it either places the single group of optical elements 
38, 40 there or removes it from the ?eld of vieW. Of course, the 
secondary mirror 24 is also similarly inserted or removed 
from the ?rst optical path 28 simultaneous With the optical 
elements 38, 40 that are being inserted or removed from the 
second secondary optical path 34. This provides tWo impor 
tant primary bene?ts. 

[0129] First, there are no additional optical groups that may 
be disposed over the primary mirror 14 When it is actively 
being used Which could lessen the amount of light striking the 
primary mirror 14. When the primary mirror 14 is in use, the 
turret 26 and secondary mirror 24 provide minimum ob struc 
tion. This is because the turret 26 aligns With the upright 
member 18 When the turret 26 is in the ?rst position. 

[0130] The siZe of the turret 26 is preferably as close to that 
of the ?rst end 1811 of the upright member 18 (i.e., that portion 
of the upright member 18 that extends over the primary mirror 
14) as is possible to either minimize or eliminate any addi 
tional loss of incident light 2811 When the turret 26 is disposed 
in the ?rst position. 
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[0131] Second, because the turret 26 does not have to intro 
duce numerous optical groups into and out of the ?eld of vieW, 
it is simple to include a reliable stop that ensures repeatability 
in the positioning of the turret 26 When the secondary mirror 
24 and primary mirror 14 are in use and in alignment. When 
multiple optical groups are inserted or removed from an 
active relationship With a different con?guration of a primary 
mirror (not shoWn herein, consistent With certain types of 
prior art), multiple stops are required that contribute to vari 
ability in positioning of the multiple optical groups. 

[0132] Other modi?cations are possible to achieve other 
bene?ts. For example, the optical telescope 100 is designed to 
optimally utiliZe the inherent diffraction-limited focal lengths 
of the IR band (Which require a shorter IR focal length than 
visible for any given aperture siZe).As a result of this inherent 
limitation, the Widest FOV in visible is narroWer than the 
narroWest FOV in IR. 

[0133] This prevents having the greatest possible focal 
lengths in visible (Which is highly desirable) and having those 
visible focal lengths correlate directly With the focal length in 
IR. Certain applications of the optical telescope 100 bene?t 
When there is direct correlation in focal length betWeen vis 
ible and IR in that an analysis or vieWing that sWitches back 
and forth from one band to the other bene?ts With the object 
of interest is the same siZe. 

[0134] If desired, a secondary Zoom visible telescope, 
shoWn in dashed lines and identi?ed in general by the refer 
ence numeral 102, and having a focal length range compa 
rable to that of the IR band of the optical telescope 100 may be 
added as a separate component, preferably disposed proxi 
mate the optical telescope 100 and parallel thereto. The sec 
ondary Zoom visible telescope 102 is also varied in focal 
length Whenever the focal length in IR is changed (i.e. When 
the IR turret 32a is moved) so that an approximate correlation 
in focal lengths in IR and visible is provided. The optical 
telescope 100 provides considerably greater focal length 
capability in visible for even more detailed vieWing than is 
possible With the secondary Zoom visible telescope 102. 

[0135] The invention has been shoWn, described, and illus 
trated in substantial detail With reference to the presently 
preferred embodiment. It Will be understood by those skilled 
in this art that other and further changes and modi?cations 
may be made Without departing from the spirit and scope of 
the invention Which is de?ned by the claims appended hereto. 

[0136] For example, a simpli?ed IR turret that only 
includes tWo positions may be used instead of the preferred 
type of IR turret 32a. The simpli?ed IR turret may include 
groups of lenses in each of tWo positions or one of the tWo 
positions may omit any lenses, as desired. Conversely, a four 
position IR turret may similarly be designed if a greater 
number of steps are required in IR. 

What is claimed is: 
1. An optical telescope, comprising: 

(a) a base assembly that is adapted to support a primary 
mirror, said primary mirror including a predetermined 
siZe and shape and an outer perimeter and a center aper 
ture; 

(b) support means attached to said base assembly, said 
support means adapted to support a turret a predeter 
mined distance aWay from said primary mirror, said 
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turret adapted to pivot from a ?rst position wherein a 
secondary mirror that is attached to said turret is dis 
posed over said primary mirror and Wherein said pri 
mary mirror and said secondary mirror are included in a 
primary optical path When said turret is in said ?rst 
position, into a second position and Wherein said sec 
ondary mirror is not in said primary optical path When 
said turret is in said second position, and Wherein When 
said turret is in said ?rst position said primary optical 
path is provided that includes said primary mirror and 
said secondary mirror and Wherein When said turret is in 
said second position a second primary optical path is 
provided that does not include said primary mirror or 
said secondary mirror; and 

(c) a beam splitter disposed over at least a portion of said 
center aperture, and Wherein When said turret is in said 
?rst position, said secondary mirror is adapted to receive 
light energy re?ected off said primary mirror and redi 
rect at least a portion of said light energy to said beam 
splitter along said primary optical path and Wherein at 
least one frequency of light passes through said beam 
splitter and travels along a ?rst secondary optical path 
and Wherein a different frequency of light is re?ected off 
said beam splitter and travels along a second secondary 
optical path that is different than said ?rst secondary 
optical path. 

2. The optical telescope of claim 1 Wherein said ?rst sec 
ondary optical path includes a longer Wavelength of light than 
said second secondary optical path. 

3. The optical telescope of claim 2 Wherein said ?rst sec 
ondary optical path includes light energy in an infrared or 
near infrared spectrum. 

4. The optical telescope of claim 2 Wherein said second 
secondary optical path includes light energy in a visible spec 
trum of light. 

5. The optical telescope of claim 4 Wherein said ?rst sec 
ondary optical path includes a ?rst band of light Wavelengths 
and Wherein said second secondary optical path includes a 
second band of light Wavelengths that is different than said 
?rst band. 

6. The optical telescope of claim 2 Wherein When saidturret 
is in said ?rst position, said optical telescope includes a longer 
focal length than When said turret is in said second position. 

7. The optical telescope of claim 6 Wherein said ?rst sec 
ondary optical path extends through said beam splitter and 
through said center aperture to a location that is disposed 
beloW a re?ective surface of said primary mirror. 

8. The optical telescope of claim 7 including an IR turret 
that is disposed beloW said beam splitter along said ?rst 
secondary optical path, and Wherein said IR turret is adapted 
to pivot about an axis from a ?rst position into at least a 
second position. 

9. The optical telescope of claim 8 Wherein at least one 
optical element is adapted to be disposed in said ?rst second 
ary optical path by said IR turret When said IR turret is in said 
?rst position during the distance that said ?rst secondary 
optical path passes through said IR turret. 

10. The optical telescope of claim 8 Wherein at least one 
optical element is adapted to be disposed in said ?rst second 
ary optical path by said IR turret When said IR turret is in said 
second position during the distance that said ?rst secondary 
optical path passes through said IR turret. 

11. The optical telescope of claim 8 Wherein When said IR 
turret is in said ?rst position no optical elements are disposed 
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in said ?rst secondary optical path by said IR turret during the 
distance that said ?rst secondary optical path passes through 
said IR turret. 

12. The optical telescope of claim 8 Wherein When said IR 
turret is in said second position no optical elements are dis 
posed in said ?rst secondary optical path by said IR turret 
during the distance that said ?rst secondary optical path 
passes through said IR turret. 

13. The optical telescope of claim 8 Wherein at least one 
optical element is adapted to be disposed in said ?rst second 
ary optical path by said IR turret When said IR turret is in said 
?rst position and Wherein at least one optical element is 
adapted to be disposed in said ?rst secondary optical path by 
said IR turret When said IR turret is in said second position. 

14. The optical telescope of claim 13 Wherein said IR turret 
includes a third position and Wherein When said IR turret is 
disposed in said third position no optical elements are dis 
posed in said ?rst secondary optical path by said IR turret 
during the distance that said ?rst secondary optical path 
passes through said IR turret. 

15. The optical telescope of claim 8 including an IR fold 
mirror that re?ects a ray bundle of said ?rst secondary path 
suf?cient to include a change in direction of said ?rst second 
ary path after said ?rst secondary path has passed through said 
IR turret. 

16. The optical telescope of claim 15 Wherein said change 
in direction includes a ninety-degree change in direction. 

17. The optical telescope of claim 15 including an IR focus 
group of optical elements that said ray bundle of said ?rst 
secondary path impinges on after said ray bundle has been 
re?ected off said IR fold mirror. 

18. The optical telescope of claim 17 including a ?xed 
group of optical elements that receives said ray bundle from 
said IR focus group of optical elements and Wherein said ?xed 
group of optical elements is adapted to direct said ray bundle 
into a DeWar. 

19. The optical telescope of claim 18 Wherein said DeWar is 
cryogenically cooled. 

20. The optical telescope of claim 18 including a focal 
plane array disposed in said DeWar. 

21. The optical telescope of claim 8 including a drive shaft 
that is functionally attached to said IR turret and Wherein 
When said drive shaft is rotated a su?icient amount in a ?rst 
direction, said IR turret is displaced from said ?rst position 
into said second position and Wherein When said drive shaft is 
rotated a su?icient amount in a direction that is opposite said 
?rst direction, said IR turret is displaced from said second 
position into said ?rst position. 

22. The optical telescope of claim 21 including means for 
maintaining said IR turret in said ?rst position. 

23. The optical telescope of claim 22 Wherein said means 
for maintaining said IR turret includes magnetic means. 

24. The optical telescope of claim 1 Wherein said beam 
splitter includes a dichroic beam splitter. 

25. The optical telescope of claim 8 Wherein at least one 
optical element is adapted to be disposed in said ?rst second 
ary optical path by said IR turret at a location that is beloW a 
re?ective surface of said primary mirror. 

26. The optical telescope of claim 8 Wherein said IR turret 
is adapted to place a plurality of optical elements into or out 
of said ?rst secondary optical path When said IR turret is 
disposed in either said ?rst or said second position. 

27. The optical telescope of claim 8 Wherein said IR turret 
is adapted to place a plurality of optical elements simulta 
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neously into or out of said ?rst secondary optical path When 
said IR turret is disposed in either said ?rst or said second 
position. 

28. The optical telescope of claim 1 Wherein When said 
turret is in said ?rst position, said beam splitter is adapted to 
redirect said second secondary path back toWard a second 
center aperture provided in said secondary mirror and 
Wherein at least a portion of said second secondary optical 
path passes through said second aperture. 

29. The optical telescope of claim 28 Wherein said second 
secondary path includes light energy having a shorter Wave 
length than light energy in said ?rst secondary path, and 
Wherein said shorter Wavelength includes energy in the vis 
ible or near infrared spectrum. 

30. The optical telescope of claim 29 Wherein said second 
secondary path passes through said second aperture in said 
secondary mirror and into said turret. 

31. The optical telescope of claim 30 Wherein said second 
secondary path includes a ray bundle that impinges on a ?rst 
visible fold mirror in said turret after said ray bundle passes 
through said second aperture, and Wherein said ?rst visible 
fold mirror re?ects said ray bundle an amount su?icient to 
include a change in direction of said second secondary path in 
said turret. 

32. The optical telescope of claim 31 Wherein said change 
in direction of said second secondary path includes ninety 
degrees, and including a collimation group of lenses in said 
turret, and Wherein said ray bundle is directed to said colli 
mation group of group of lenses, and Wherein said collimation 
group of lenses adapted to collimate said ray bundle su?icient 
to provide a collimated ray bundle and to direct said colli 
mated ray bundle along a longitudinal length of said turret. 

33. The optical telescope of claim 32 including a second 
visible fold mirror in said turret, said second visible fold 
mirror disposed along said longitudinal length of said turret 
distally from said ?rst visible fold mirror, and Wherein said 
second visible fold mirror is adapted to change a direction of 
said collimated ray bundle ninety degrees in said turret and 
direct said collimate ray bundle along a second longitudinal 
length of said turret. 

34. The optical telescope of claim 33 including a third 
visible fold mirror in said turret, said third visible fold mirror 
disposed along said second longitudinal length of said turret 
distally from said second visible foldmirror, and Wherein said 
third visible fold mirror is adapted to change a direction of 
said collimated ray bundle ninety degrees in said turret and 
direct said collimated ray bundle into a neW direction. 

35. The optical telescope of claim 34 Wherein said neW 
direction is substantially parallel With that of incident light 
that strikes the primary mirror. 

36. The optical telescope of claim 35 Wherein said neW 
direction is disposed beyond a perimeter of said primary 
mirror. 

37. The optical telescope of claim 34 Wherein said colli 
mated ray bundle is directed to a visible focus group of optical 
elements. 

38. The optical telescope of claim 37 Wherein said visible 
focus group of optical elements is adapted to correct for 
variations in the distance to an object that is being vieWed by 
said optical telescope. 

39. The optical telescope of claim 38 Wherein said ray 
bundle is not collimated after having passed through said 
visible focus group of optical elements, and Wherein said ray 
bundle continues along said second secondary optical path to 
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a Zoom group of optical elements su?icient to vary an overall 
focal length of said ray bundle. 

40. The optical telescope of claim 39 Wherein said Zoom 
group of optical elements includes an upper group of ele 
ments and a back group of elements and Wherein said upper 
group of elements is adapted to be urged toWard or aWay from 
said back group of elements and Wherein said back group of 
elements is adapted to be urged toWard said upper group of 
elements When said upper group of elements is urged toWard 
said back group of elements and Wherein said back group of 
elements is adapted to be urged aWay from said upper group 
of elements When said upper group of elements is urged aWay 
from said back group of elements. 

41. The optical telescope of claim 40 Wherein said overall 
focal length is increased as said upper group of elements and 
said back group of elements are urged closer toWard each 
other and Wherein said overall focal length is decreased as 
said upper group of elements and said back group of elements 
are urged further aWay from each other. 

42. The optical telescope of claim 39 Wherein said ray 
bundle of said second secondary optical path passes through 
a visible ?xed element group after said Zoom group. 

43. The optical telescope of claim 42 Wherein said ray 
bundle is directed by said visible ?xed element group onto a 
focal plane array. 

44. The optical telescope of claim 43 Wherein said focal 
plane array includes a CCD type of a charge coupled device. 

45. The optical telescope of claim 34 Wherein said colli 
mated ray bundle is directed to at least one additional optical 
element. 

46. The optical telescope of claim 45 Wherein said at least 
one optical element is disposed in a tubular structure. 

47. The optical telescope of claim 32 including a second 
visible fold mirror in said turret, said second visible fold 
mirror disposed along said longitudinal length of said turret 
distally from said ?rst visible fold mirror, and Wherein said 
second visible fold mirror is adapted to change a direction of 
said collimated ray bundle ninety degrees in said turret and 
direct said collimate ray bundle to at least one additional 
optical element. 

48. The optical telescope of claim 47 Wherein said at least 
one optical element is disposed in a tubular structure. 

49. The optical telescope of claim 1 Wherein When said 
turret is in said second position, said secondary mirror is 
disposed beyond said aperture in said primary mirror and 
Wherein When said secondary mirror is disposed beyond said 
aperture, said secondary mirror does not obstruct an active 
?eld of vieW along said second primary optical path and 
Wherein incident light energy is adapted to impinge directly 
on said beam splitter. 

50. The optical telescope of claim 49 Wherein said at least 
one frequency of light passes through said beam splitter along 
said second primary optical path and Wherein said at least one 
frequency of light includes a longer Wavelength than a 
remainder of said incident light energy that also impinges on 
said beam splitter and is re?ected off said beam splitter. 

51. The optical telescope of claim 1 Wherein said second 
primary optical path includes a ray bundle that passes through 
said beam splitter and Wherein said ray bundle is adapted to 
pass through an IR turret that is disposed beloW said beam 
splitter, and Wherein said IR turret is adapted to pivot about an 
axis from a ?rst position into at least a second position, and 
Wherein said IR turret is adapted to place a plurality of optical 
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elements into or out of said second primary optical path When 
said IR turret is disposed in either said ?rst or said second 
position. 

52. The optical telescope of claim 51 including a focal 
plane array and means for directing said ray bundle of said 
second primary optical path from said IR turret to said focal 
plane array. 

53. The optical telescope of claim 52 Wherein said focal 
plane array is disposed in a DeWar. 

54. The optical telescope of claim 1 Wherein said second 
primary optical path includes a shorter focal length than said 
primary optical path. 

55. The optical telescope of claim 1 Wherein When said 
turret is in said second position, said turret is disposed aWay 
from an optical element that is adapted to receive incident 
ambient light and Wherein said incident ambient light forms 
said second primary optical path. 

56. The optical telescope of claim 55 Wherein said second 
primary optical path includes a visible Wavelength and 
Wherein said optical element includes a Zoom group of optical 
elements. 

57. The optical telescope of claim 55 including a focal 
plane array and Wherein said incident ambient light is 
directed to said focal plane array. 

58. An improved optical telescope of the type having a 
primary mirror and a secondary mirror Wherein the secondary 
mirror is adapted to be urged intermediate a ?rst position and 
a second position and Wherein, When the secondary mirror is 
disposed in the ?rst position, it is included in a primary optical 
path that receives light energy that has been re?ected off the 
primary mirror, Wherein the improvement comprises: 

providing an aperture in said primary mirror and including 
means for splitting said primary optical path into tWo 
secondary optical paths, and Wherein a ?rst of said tWo 
secondary optical paths alloWs a ?rst portion of said light 
energy to pass through said aperture to a location that is 
disposed beloW said primary mirror and Wherein a sec 
ond of said tWo secondary optical paths alloWs a second 
portion of said light energy to pass to a location that is 
disposed above said primary mirror, and Wherein said 
?rst portion of said light energy includes a different 
Wavelength than said second portion of said light energy. 

59. An improved optical telescope of the type having a 
primary mirror and a secondary mirror Wherein the secondary 
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mirror is adapted to be urged intermediate a ?rst position and 
a second position and Wherein, When the secondary mirror is 
disposed in the ?rst position, it is included in a primary optical 
path that receives light energy that has been re?ected off the 
primary mirror, Wherein the improvement comprises: 

providing an aperture in said primary mirror and including 
means for splitting said primary optical path into tWo 
secondary optical paths, and Wherein a ?rst of said tWo 
secondary optical paths alloWs a ?rst portion of said light 
energy to pass through said aperture to a location that is 
disposed beloW said primary mirror and Wherein a sec 
ond of said tWo secondary optical paths alloWs a second 
portion of said light energy to pass to a location that is 
disposed above said primary mirror, and Wherein said 
?rst portion of said light energy includes a different 
Wavelength than said second portion of said light energy, 
and Wherein a ?rst focal plane array that is adapted to 
receive at least some of said ?rst portion of said light 
energy is disposed in said ?rst of said tWo secondary 
optical paths and Wherein a second focal plane array that 
is adapted to receive at least some of said second portion 
of said light energy is disposes in said second of said tWo 
secondary optical paths. 

60. An improved optical telescope of the type having a 
primary mirror and a secondary mirror Wherein the secondary 
mirror is adapted to be urged intermediate a ?rst position and 
a second position, Wherein the improvement comprises: 

providing a ?rst of tWo optical paths that includes light 
energy at a ?rst Wavelength and providing a second of 
said tWo optical paths that includes light energy at a 
second Wavelength and Wherein said second Wavelength 
is different than said ?rst Wavelength and Wherein at 
least a portion of said ?rst of said tWo optical paths is 
adapted to receive said ?rst Wavelength When said sec 
ondary mirror is disposed in either said ?rst position or 
in said second position, and Wherein at least a portion of 
said second of said tWo optical paths is adapted to 
receive said second Wavelength When said secondary 
mirror is disposed in either said ?rst position or in said 
second position. 


