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INTRODUCTION

For several ycars the US Army Land Warfare Laboratory (USALWL) has been
developing optical aids for usc in high vibration environments where standard
military binoculars (7 x 50) are only marginally helpful to the naked eye in
the detection of targets. Stabilized optical aids have been developed but
they are cumbersome, expensive and of marginal optical quality in many cases.
Target acquisition studies, in non-vibrating environments, have shown that
low power optical aids are almost as effective as the seven power devices.
The lower optical power will alleviate the vibration problem and also permit
a wider field-of-view.

A design study was performed by the Muffoletto Optical Company, Inc.* to
incorporate the above characteristics together with alarge exit pupil and
good eye relief into a pair of binoculars for airborne use. The design
study was further restricted to incorporate off-the-shelf components to the
fullest extent possible, consistent with good optical quality, in order to
keep costs reasonable.

This report describes the final design, fabrication and testing of two pair
of aerial reconnaissance binoculars based substantially on the previous work.
Detail changes in the original optical design were undertaken when computer
analysis indicated significant improvement in the overall thru-put at large
field angles and an increase in the eye relief.

The project was initiated on March 4, 1974 and the binoculars were delivered
on May 28 and June 6, 1974. Presently, one set is undergoing field tests

at MASSTER, Fort Hood, Texas. Figure 1 is a photograph of the final
binocular design.

*See Appendix A. Reports #1 & 2, Muffoletto Optical Company, Inc., July 2
& October 9, 1973.
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OPTICAL DESIGN

1. Design Goals

Based on the previous design efforts and the intended system application,
the following design goal characteristics for the binoculars were established:

Magnification - 3x

Field-of-view - 20 degrees or greater

Exit pupil - 10 mm

Eye relief - 10-14 mm

Size - as small and as compact as possible

Design & materials - rugged

Components - off-the-shelf, if possible
If all the components were specified and supplied as results of the previous
efforts, the only additional design effort required would have been purely
mechanical. However, detailed definition of components was not given in the
Muffoletto Reports. The reports gave design specifications for the optical
components, radii, glass types and component spacings. Implementation of
these specifications into hardware resulted in slight variations from the
design specifications because of the necessity of placing manufacturing

tolerances on all components to be fabricated. The final binocular
characteristics were measured and are listed below.

Binocular Characteristics

Magnification 3.1x

Field-of-view 17.8 degrees

Exit Pupil 9.65 mm

Eye Relief A 27,4 mm

Size 4.5 x 8,75 %
3.5 inches

Weight 4.3 1bs




2. Computer Design - Ray Tracing of Original Design

Initially, it was thought possible to reduce the diameter of the optical
elements within the eyepiece in order to reduce their size and weight. The
required diameters were not specified. Tables 1.2 and 1.3 of Report #2 show
two meridional ray traces through the system but neither represent the extreme
ray with respect to the eyepiece. In order to define the required diameter

of the eyepiece components, additional ray traces were therefore required.

Initial ray traces on the eyepiece above indicated that the design yielded
a nominal 1% inch focal length, Erfle design, used in the reversed
direction from the originally intended orientation. The eyepieces were
available from two vendors, A. Jaegers & Edmund Scientific Co. with identi-
cal optical designs but slightly different mechanical designs, the Jaeger
model being somewhat larger. The eyepiece contains three cemented doublets.
The normal field lens (furthest from the eye) is 0.846 inches (21.48 mm)
clear radius, as is the middle element. The normal eye lens (nearest the
eye) has a 0.649 inch (16.487 mm) clear radius. Ray traces of the reversed
eyepiece design show that for a 30 mm diameter entrance pupil, vignetting
will start at a half field angle of 6.3 degrees due to physical blockage

at the edge of the first element of the eyepiece. This element also limits
the field-of-view to something less than a half angle of 10 degrees regard-
less of the size of the prisms. This design required a minimum of 33 mm
diameter prism assembly in order to prevent vignetting of the 9 degree rays
at the edges of the prisms.

Two meridional ray traces are shown in Tables I and II. The nomenclature of
each column is as follows:

SURF An optical surface or plane indexing number
c The curvature of the plane or 1/radius

T Linear vertex distance of the next surface
N Intervening index of refraction

Y Ray height at SURF

UN Angle of the ray with the horizontal radians

Surfaces 1 to 6 are the objective lens elements, 7 and 8 the entrance and
exit surfaces of the Porro Prism and 9 to 17 the surface of the eyepiece
elements. Table I represents a ray starting at the very edge of the
objective aperture stop (15 mm) at an angle of - 7.40, which gets vignetted
at surface 9, the entrance of the eyepiece since the eyepiece diameter is
only 0.649 inches but the ray strikes at - 0.709 inches. Obviously, a ray
starting at a steeper negative angle would be vignetted since it would strike
surface 9 at a greater radius. Table II shows a ray initiated at - 6.4l
degrees which is just barely vignetted at surface 11, the last element of
the first cemented doublet. This ray represents the extreme field half
angle for which there is no vignetting at the eyepiece. Additional ray

4
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traces show an exit pupil of 9.702 mm and an eye relief of 7.21 mm for the
0.6 zone of the objective lens.

One interesting item is that reversing the eyepiece from its intended design
orientation yields a good spacing 0.953 inches (24.2 mm) between the last
surface of the Porro Prisms and first surface of the eyepiece. Potential
problems, arising from real optical/mechanical tolerances and infinity
focusing are thereby alleviated.

3. Ray Traces - Eyepieces Normal Mode

Analysis of the Muffoletto design, with the eyepiede placed in the originally
intended orientation, yields the following calculated parameters:

Exit Pupil. = 9.69 mm
Eye Relief = 24.8 mm
Prism minimum unvignetted aperture = 33 mm
Unvignetted half-field =6.8 degrees

Tgble III shows the extreme unvignetted ray trace through this system. Table
IV shows a -10 degree ray passing nearly through the center of the lens.
Unlike the previous design, where no energy 10 degree off-axis passed through
the system, all -10 degree off-axis rays from the centerto a -15 mm zone is
transmitted. Conversely, all +10 degree rays from O to +15 will also be
transmitted. Whereas the previous design was angularly limited in field
extent due to the vignetting of the first element of the eyepiece, this
arrangement will be field limited by the physical size of the prisms.

Off-axis transmission in the original design falls to zero at 9.5 degree
half angle, while with the eyepiece in the forward orientation, the trans-
imission is approximately 50 percent of full aperture at a 10 degree half
angle.

Table IV also shows what the effect of field angle is on eyepiece size.

Notice that surface 12, the first surface of the middle doublet of the
eyepiece, the -10 ray requires a clear radius of 0.813 inches. Reducing the
size of eyepiece elements to reduce overall weight has the effect of reducing
the effective aperture at the wide angular field. It should be clear that
reducing the diameter of the objective lens does little to reduce the required
diameter of the eyepiece elements, since the element clear diameter is
primarily determined by the wide field angle requirement.

Placing the eyepiece in the conventional manner reduces the spacing between
the last surface of the Porro Prism and the first surface of the eyepiece.

Optical and mechanical tolerances in this configuration are therefore more

critical,



TABLE III

Un-Vignetted Ray Trace for -6.8 Degree Ray at a Radius of .59033 Inches
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Ray Trace of -10 Degree Ray Near Objective Lens Center
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4, Prisms

Report #1 in Appendix A adequately discusses the various types of erecting
prism systems and shows that Porro Prisms are best for the erecting system.

A normal version of the Porro Prism erecting system employs two right angle
prisms placed at 90 degrees to one another (See Report #l, Appendix A,

Figure 13.33). This version of the Porro design leads to a mechanical
interference between the eyepiece and the side of one prism with the eyepiece
used in the normal configuration. A second version called the Abbe-Porro
design is shown in Figure 2. This configuration has identical optical
characteristics with those of the normal Porro design but eliminates the
mechanical interference problem.

Optical ray traces show that for the very wide field angles, all rays will
not be totally internally reflected at the reflecting surfaces of the prism
assembly. Each of the four reflecting surfaces are therefore coated with an
evaporated layer of aluminum. All surfaces except the entrance and exit
aperture were sprayed with black lacquer for stray light reduction and
mechanical protection.

_After placing the order for the prism, it was discovered that these prisms
were no longer available from surplus stock but were now built by the optical
section of Jaeger. Since these prism assemblies are cemented, centering
alignment cannot be adjusted after assembly. Jaegers had no alignment
procedure other than placing theelements on a flat plate while glue dried.
Since collimation is critical to binocular systems, alignment of the prism
elements prior to cementing to assure no vignetting due to the prism relative
position is essential. This alignment was performed in-house using a laser
reference beam during the cementing process. This procedure will be des-
cribed in the section on alignment.

5. Objective Lens

Specifications of the triplet objective radii and spacings were given in
Report #2 of Appendix A. The necessary clear radius of each element was
determined by the ray trace of 10 degree off-axis rays striking the objectives
at a 15 mm radius. Tolerances were specified as + 0.005 inches in thickness,
+ 0.003 inches in diameter, 0.25 percent on each radius and optical/mechanical
axis to be aligned within 5 min of arc. Each element was coated with % wave
of MgFy to reduce reflective losses.

An anodized aluminum cell is used to hold the three elements co-axial and at
theproper element spacing. The design details as well as the two lens
elements spacers are shown in Figure 3. The cell is in turn screwed into
the cover of the prism housing.




MIRROR AND PRISM SYSTEMS. MIL-HDBX~141

Sy St This prism system consists of two prisms cemented

Abbe's Modification of the Porro Prism System,
together. It will invert and revert the image. The system is a direct vision prism vut the line of sight will

be displaced by the amount d,

P
a2
o——

B=A+a=110

A = 1.00 n = 1.5170 ¢ =-45° a = 0.10 (chosen arbitrarily)
C = 1.4142A = 1.4142 D=A+2a0=120 -R=B/2=0.5 d=8B=1.10 t/n = 3.0323
t = 2(2A + 3q) = 4.60
Figure 2a - Abbe prism system.
’ Prism #1 : . Prism #2

Figure 2b -Abbe prism system tunnel diagram.

..‘

10



1120 suaT - ¢ 2an814

z | e« #

=l g 3w
 c6c-9L195%S | 1606€2 | @

94-1909

fit:sn,\Q

773D SNT| 3A1L33c90

[~ ¥980] RITIVA 001 , L3dISS
31W19313 @D IVEINTS

noo.N.M:. & T|
1

| mnm? @) 4208 N4

|
Twse2vds SUDY _ m
.om&/\ L oSEb
o%0: —~] TI
o’ \ 2
- — «mc».s
1#+9>%d s susy
€oo s
A\l
a 5 a
PPN
i 11 swey ey
R T S S— ) 04
SNOISIA3Y
v

= - SLI9SAS _N_

z | ¢ %

11



6. Prism Housing

Figure 4 shows the details of the support housing for the prism assembly.
There is a right and left hand housing, connected by a hinge. The hinge is
positioned so as to change interpupillarydistance of the eyepiece as the
housings are rotated. A maximum spacing of 82 mm and a minimum of 64 mm
is provided limited by the diameter of the eyepiece housings.

The black anodized aluminum housings have two mounting pads machined

into the inner walls and a third machined just above the geometrical center
of the housing. These pads serve as the mounting points for holder of the
prism assembly. The holder or "basket'" assembly was fabricated from 0.020
inch stainless steel sheet. Mounting tabs are welded to each '"basket' end.
The third tab is part of the bar passing between the two top prisms which
is attached at each end to the '"basket." Two set screws in the bar force
the prism assembly solidly into the '"basket" locking the assembly in place.
Tubular shims, one on each mounting pad, are cut to length as required to
adjust tilt ofthe "basket'"/prism assembly for final alignment. Figure 5
shows the components of one side of the binocular.

7. Eyepieces

Erfle eyepieces in housing mounts were directly available. Ray tracings
indicated that virtually all the glass was necessary to provide high through-
put at the large off~axis angles. Each eyepiece is individually adjusted for
best focus. A very long eye relief allows the user to wear eyeglasses while
using the binocular; however, eyecups proved to be necessary to maintain the
eye at the exit pupil. Three types of eyecups were provided: flared,
reversed cone and asymmetric. The standard flared cups proved to be un-
comfortable due to little nose room between eyecups. The asymmetric pair
required a special mount which could be easily counterotated with respect

to the eyepieces. The reversed cone pair gave good nose room, but tended

to be somewhat uncomfortable if pushed against the eye socket. Since they
were symmetrical, focusing was very conveniently achieved. The user is

free to choose which set is most comfortable.

To verify the computer ray tracing results, one set of eyepieces was modified
so that they could be used in the original Muffoletto configuration. Knurled
rings or eyecups were not provided for thisset.

ALIGNMENT AND TESTING

1. Prism Alignment Cementing

Prism alignment was accomplished using a He-Ne laser beam and two screens
placed perpendicular to one another with each approximately 12 feet from

the alignment fixture. One screen was physically on the ceiling, the other
returned the beam to the laser via a retro-reflecting mirror. A plumb line
from the ceiling was used to position a beam splitter which reflected half
the energy through the base prism to the ceiling target. The base prism was
held in a two-axis mount whose tilt was controlled by micrometer drives.
Tilt adjustment positioned the base prism perpendicular to the laser beam.
The beam splitter was then removed and one prism placed on the base prism.

12
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The laser beam image at the ceiling target was positioned by rotation and
tilt of the top prism. The prism was cemented in place using UV-71, a UV-
setting cement. The second prism was added and the return beam at the laser
face was positioned by tilt and rotation of this prism, which in turn was
then cemented in place. The return beam was controlled to an angular error
of less than 1 milliradian.

2. Collimation

By agreement, collimation specifications Mil-B-8568A (ASG), para, 3,4,5 (b)
were applied. The beam from a He-Ne laser was split into two parallel
components separately by a convenient interocular space. The direction of the
beams were made parallel by retro-reflecting both beams back to the source
over a total path length of 400 inches. 1In this way, the beams were easily
co-aligned to within 1 milliradian. The two pencil beams were inserted into
the centers of each eyepiece and the reflection from each element's surface
co-aligned by translation and rotation of the binocular. The output beams
were observed on a reference target approximately 200 inches distant.
Reference marks corresponded to the zero positions of the two pencil beams
and the centers of the objective lens. The two exit beams were adjusted to
fall on the objective center references within 1.12 milliradians convergence,
and 2.24 milliradians in divergence in the plane defined by the entrance
pencils, and within 1.12 milliradians in the perpendicular direction. The
angular specifications translate to linear dimensions of 0.219 inches and
0.438 inches, respectively.

Alignment was an iterative procedure in that the prism was positioned, an
objective lens installed and the resulting laser beam position with respect
to the reference marks observed. Depending on the direction and amount of
misalignment, the appropriate shim length was determined, the monocular
disassembled, new shims inserted in the appropriate positions, the system
reassembled and another observation of the laser position noted. When
alignment is achieved, each of the three retaining screws and all cover
screws are cemented with "Lock-Tite" to secure their position in a vibrating
environment.

After collimation is achieved, the position and size of the exit pupils were
determined by placing the binocular, focusing at infinity, in the output beam
of a 12-inch Newtonian collimator. A frosted glass screen was positioned at
the best focus by visual observation. The size and diameter of the exit
pupils were then measured.

Field of view was measured by observing the source at infinity and rotating
the binoculars on an indexing head until the image appears at the edges of the
field. A measurement of the respective angular position gives the total
angular field. A circular field stop was painted on the exit window of each
prism. The diameter of the stop is equal to the width of the prism (32 mm).
Without such a stop, the field was square. The corners, at approximately

25 degrees total field angle, were distorted quite badly and therefore not
useful. The field stop was incorporated to eliminate this unusual square
field.

15



SUMMARY AND FUTURE WORK

The design of a wide angle, low power binocular system was completed and two
units were fabricated. Their characteristics match quite closely the computer
predictions. Presently, one unit is undergoing field tests to evaluate the
effectiveness of the system when compared to other stabilized and unstabilized
reconnaissance optical aids.

High optical efficiency at wide field angles necessitated large optical
components in the eyepiece. The present design has high brightness across
the entire field of view. Since the eye has a logarithmic power response,
it is possible that fairly large vignetting at the field edges may not be
objectionable. Smaller elements could reduce the weight of the eyepieces
significantly and would thus significantly reduce the overall system weight.
The current system weighs too much for operational field usage. Using the
present system, the size of the eyepiece components consistent with objection-
able vignetting can be empirically determined very readily. The results can
be used as inputs for further computer analysis to determine the impact on
other optical components within the system.

To further reduce weight, other optical materials such as plastics could be
considered. The prisms, since they have no optical power, may be readily
changed to low density materials if the optical quality and high transmission
can be obtained in large components. Changing the objective lenses or eye-
piece components to plastic material would probably require re-design. How-
ever, a study should be made to locate good quality, light weight optical
materials and a determination made concerning the impact such material would
have on the overall design.
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Work Statcment fiSK-RO-503 Re: P,0. #86HJ-DM-88593-05S,
Specification /ASK-R0-4L09 dated 7/2/73

Investiogztion of Wide Anzle Binocular Prisms:

This report concerns the first prelinfnary look a2t the Aberdeen (L“/L)
3X binoculars as ciscussed in thz meeting at the Huffoletto Optical Caﬁp ny,
Inc, end during discussions betwesn Frank Keisler and our concultant, “John
Goodall, The principal subiect here is the erecting prism typz, including
arguaents for and against various types,

The prism types included are: Porro, Lehman (also called Abbe and
Koenig), and Pechane The mzin cetermining factor in pricm typs in any
biroculair and cspzeially in the present design is the length to aperture
ratio. This determines whether or not the primary {mzge from the obicctive
will fall within or outside the prism,

Design constraints on the present binoculars mzke this a eritical
factor. For cx u~ole, the binocuiars cre to have at least a twenty dogrec
field of viow; whs exit pepil must lie Th willincters ¥rom the eycpiece ond
have @ dizscter of 10 mitlimcters which forces the objoctive to have a
Giemeter of 30 millincters, The f/3 system produces (assuming ths cntrence
pupil 135 coincident with the objective) a 99 millincter focal iength for the
chjective, Chviousiy, the epticel length of the prism must be less than
S0 i Tiimeiers,

Consideration of the field of view and aperture indicates apnrexis-
miliianter dizwete= beam frea the cbjective to thn primary focud
s means thet the pries must hove at Yeast & 30 wiflimetes d\:w;rcr.

mately a 30

planc.  Thi
The sct of figures ircdicaies various prirw types and includes Tength

to apertere ratios, The pareselors the tunnel !cng‘h is tha importent ons

to consider. For a Fervo peir wmt:ﬁu. trunceted edges this ratio is four;

for an Lnbo the ratio ie §5.1852 whether the Abbe reafed or not;  and, 1or

an uvargoved Pezimn the ratic i b ullj. Scme confusien erices af this junclure

conceining & roofed Pechane Our colculh.\ons indicate thet o roofed Pachon

will hove 2 tongth to apertuire ratio of 6.95.

is
fu
ic

Dreelsion Tevees end Peisiaz of Glass, Geartz, Fluoriie, Silicen, ele.



Obviously, nore of these prism types would work if they weren't
optically shortencd by tha refractive index.s For an index of 1.5 the Porro
shortens to 2,07, the Abbe shortens to 3.4253 and the unroofed Pechan
shortens to 3,064,

Rccordirg to this consideraticn, the only prisms possible are
Porros. There is another poassidility however, and that {s to use glasses
with hicher refractive indiccs. For cxemple Schott Glass SF6 with an index
for the D line of 1,805 would reduce the Porro lengths to 2.214, the Abbe
lengths to 2,873, and ths uircofed Pechan to 2.73. All these lengths are
within the £/3 liait, T - :

lNote that the Fechan for which the calculations have been made
As vnceofed, This prism type would only revert (or invert) the i{mace.
Reversicn pnd frversion requires either two Pechans in series or a roofcd
Pechan, Our calculstions indicate that a roofed Pechan even with Schott

SF6 wculd have an optical length of 3,850 times its aperture suggesting that

a Pechan wauld rot work in an f/3 systen or Faster system,

John Goodell discussed this with Frank Kaisler and Kaisler suggested
a different roof type, Ray trocing found noticeable vignetting with Kaisler's
roof. This was pointed out to him,

rrankiy, we are a little puz2led here since it has been stated that
f/2.5 cesigns exist with Fochans, contrary to the present findings, It appears
that & fcchen vould only work ifs - 1, The system were slower than £/3;
2. Tha irage fell within the prism; 3. Vignetting was allcwad,

Allowing the prrmery to fall within the prism body has the drawback
that & field lcns wauld be ¢ifficult to insert,

As & rocsult of these caleulations, Porro prisms secn to be tha

best cendidate in terms of cotisfving the £/3 requwre.ent, the field of view,
and ths necessary aparture to lungth retio, They o not, of course, produce
in tine imaces,

Ve co «¢lso have thao possibiiity of usirg sbbe prisws providing
we use class of hich refractive index, This heos & possible difficulty that
high index glaa:s: aimost atusys hove hich dispersicons. This nuy or may not
rule cut prisme with hich refractive indices, This will be knswn only afier
some preliminary roy lroC{ﬁq. 1t ﬁt1li rust be Cuﬂalcefcd & possibility,

At procent we (uw t sce how Pechans can be made to work in £/3
systoms without vignetting., $o, altheugh they are not compictely cxeluded,
th“y sre to be icis recoumendsd thun. the cihep types,

rfter ~ rather exiunsive scarch for existing 'off the shelf® prisas,

L]
we heve found o poir of Porro pricss which may work with soms vadification,
Ho ether tyees {Lotasan; Able, Koon iq, Pechan, etc.) have becn found that ore
adoptedble to this systam,  This, of cowrse, enhances the Forro prism arguuent

even further, at least for use in 2 prelimirary systom,



The eccompanying figures included descriptions of Porro prisms,
Abbe prisms (typ=s A and B), and a Pechan prism, These descriptions come
from the Military Standardization Hondbook for Optical Design (MIL-HOBK-141,)
In additicn thore are two drawings showing tunnel diagrams fer roofed Pechans,
fncliuding a Descriptive Geonetry exercise uhtch fndicates vignetting in one type
of Pechan roof,

Hote from the Mi{titery Handbook specification of the Porro that
truncating {c included in ene type of Porro. This is not necessery and
fncreases the optical leagth, hence i not completely desirable, In the
precceding discussion the shoirter, untrurcated prism with a length to
aperture ratio of four substituted for the truncated version,

HUFFOLETTO OPTICAL COMPANY, INC,

4//‘ iog // Gl
M e -

C. Verne Muffoletto
Presicdent
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VIL-HDBK- 141 MIRROR AND PRISM SYSTEMS

13.10.2 Porro Pricm Svstem. In 1830 the I'alias enzinzer Porro dasigned the prism system discusscd here.
This sysiam Consisis i Uan fight-anzie prisms.eseally identical in constructicn, placed at right angles to
each other. It is a direct vision prism sysiem but the axis is displaced by the amount d. Ths system will
invert and revert the image.

A = 1.00 n=1,5170 @ = 45° (These walues are given) a = 0,10 (chosen arbitrarily)
R=4&/2 =0.20 B = 1.4142A = 1.4142 C=2A+0=2,1 D=A+a=1.1
L =28+ 30= 2.30 d = 1.4142 (A + g} = 1.5533 t =2 (2A + 39)= 4.€0 t/n = 3.0324

Figure 13.33-Porro prism system.

.

Prism ¥l Prism #2

Figure 13.34-Psrro prism tennel diagram,
o o

o f

s/

/



MIL-HDBK- 141 ’ .. MIRROR AND PRISM SYSTEMS

13.17.4 Abde Prism. Type A. This prism inverts and reverts the image, but will not deviate the line cf
sight; hernce, it 1s a "Direct Visicn Prism." The prism is made in two pteces which are cemented together.

pl E o
» \
] J
e
¢ ,’/;/A’P2

TN
/ : 2
8 b'\_j
{ Image
! '
& B / 75 7 "
v f< A -t \s/ jaz- A 3>
f ’ ) Y il 5 .
‘ A=1.00 6 =30° w=90° n=1.5170 ¢ =60 V=45 B=1.4142A = 1.4142
! C = 1.3091A = 1.2094 a = 0.7071A = 0.7071 b = 0.5774A = 0.5774 -L = 3.4644A = 3.4644
! t = 5.1962A = 5.1962 t/n = 3.4253 ’
‘ A
Figure 13.37-Atbe prism, type A. )
o ' . " \\,"/
"—.-~\\
; |
‘ - -\_‘I-
‘ Figurc 13.38-Abbe prism, type A, tuapel diagram, =, )
N
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MIRROR AND PRISN! SYSTEMS . MIL-HDBK=141

. e

13.10.5 Abte Prism, Tv>2 B. Tkhis prism is maZ2 cf three sirgle units which arc cemented tegetter. This
prism will invert azc rzveri the image but will ro: deviate the line of sight. This also is a "Direct Vision Prism."

P2

:‘/p:l

4

fee— A —-—!’%

Prism #1 and 3 \

2 9 =60° ¥=230° nt (.5170 a=0.70714A = 0.7071 t/n = 3.4233
773A = 0.577 B=1.15¢7A = 1.1547 L = 3.4541 4 = 3.4641 t = 5.1962A = 5,1982
Figure 13.29-Att2 prism, type B. :

Yigure 13.40-Alb2 prism, tyye B, tennel diagram,



MIL-HDBK~-141 : X MIRROR AND PRISM SYSTEMS

13.10.12 Pechan Prism. The prism performs the same duties as the Hartirg-Dove prism but it has one
great advantage cver w2 latter inasmuch as it may be placed in convergent or divergent light., This will
permit the reducticn in length or height of the instrume=nt. I will invert (2s shown) or revert the image, -
depending on its orientation. It may disglace the line cf sight if not properly ceatered but it will not
deviate it. The suriaces marked B are siivered and covered with a protective coating. The unsilvered
reflecting surfaces cf the prism are separated by a cistance of about 0.C02 inch,

Imagze
w= 67° 30 ¥ = 112° 30 a = 0,2071A = 0.2071

D = 1.7071A = 1.7071 E = 1.8284A = 1.8284
® t/n = 3.0464

e R 3 Figure 13.53-Pechan prism.

Figure 13.54-Peckan prism tunnel diagram.

TECHNICAL LIBRARY
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Nescerintive Geometry techniquus chowing varlous Pechan
facer, The purnose of the view iz tn  show vienettina
for the rof type proposed herein. The roof top is
at the cane heijght ns  tha ton of an unroofw:! Pechan.
The slornin~ roof sides narnllel tne 22,5 dezree slove
ot tha cecon? prism tor. The  throe rarvs Aesic-nated ars
1,2, and 3 srow taat only *the rav 1 is rot viznetted.
h2 other two rave Intercsct the second roofl nlane
only after intersectirs the rris- rear face, fiuzh rays
would cortribut> to the ovtical/m~e:, On the contrary
they would appear an scatter:® 1isht and would reduce

contrast.

The rays coma fron incident rays varallel to the
ortical axis, Furtbzr tracing would skow that unper
réys arc not vignettedé in this confisuration, but that
rays at the bottom of tne avzarturz Aras cut off, .

. Mormal view of the
pPlane containine the
incident and reflected

\
\ . rays.,
A o
o p
&\
b, -
e~

normal view of
the roof and edge

- taining the inecidsnt
"~ ant refiected ravs

N

Zdze view of the two rbof

sides,

. = =
PHCEAN DOTRE, . . ///f//f/

Rasic view,

Aays 1,2, and 3 come from incident rays acrnss the pricn
face at trhe hei~ht snovn Ly the incident ray marved, A
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MUFFOLETTO OPTICAL COMPANY, INC. Pi::::;'(;’& “:":::g:“
6100 EVERALL AVENUI SCHLIEREN Syai1rMme
: . OPTICAL INSIRVMENTS
. . BALTIMORE. MARYLAND 21206 CONSULYING
Oétobcr'9, 1973
REPORT .2
Work Statement #5K-20-508 Re: P.0. #851.J-DM-88593-05,
Specification #SK-R0-409 dated 7/2/73

FINAL DESIGN OF WIDE ANGLE AERIAL RECCONNAISSANCE BINOCULARS

DISCUSSION:

This report describes a design for a special binocular type., The
design constraints are as follows:

f’.- 1. POWEP cseseessssassssassss 3X
N 2% Field of View eesevcoroncac 20 dcgrcc-s
3. Exit Pupil Size 2%c00n0ese ‘O 'n\.]‘imf:ters

L, FEye Relief sivavevescecses About 10 millimeters

5. Spectral Region sessesssss Total visible

Also, size and weight shall be compaiible with hand-held requirements,
For ecconomic reasons, the design shall utilize existing components as much as
» ‘ q i
possible,

The acconpanying data will show that the design criteria have been met.

The power is almost cxactly 3X. The eye relief, here determined by the eyepicce,
is close to 10 millimeters, The system has been achronatized in the visible
spectral ragion and, over its entire field of view, has a reseoiution compaiing
very favarably with thot of the hunan eye (the eye resnlves 206 arc seconds, )

The device i¢ small and light. The objective and prisms are matched 1o a Military
(probably dorld War 11 design) rile cyepicen,  This reduces cost significantly
since it climinates the need for a new cyepicce design and manufacture, and also
makes use of existing prisms, All glasses are comvaon and readily avaijable. Al
surfaces are spharical or pilanc,

Report 41, dated 7/2773, fully inuestigated erecting priems and showed

Ny, why final sclection of Porro prisms was made. We have tound availalle Porro

Precision Lenses and Prisme of Glass, Quarts, Fluoyite, Silicon, ¢te.

A-10



prisms which can be used by a rndification which will reduce the cect to less
than one-third the price of ncw prisms.

After investigating three available Erfle eyepieces, one was selected
as clearly the best suited for this application and we were fortunate enough to
obtain the desicn of sane (Lhrough the efforts of Mr. frank Kaisler of Westinghouse)
from Frankfori Arsenal (see pase U, lens and Prism Description). This has resulted
in cost saving of $1100.00, per page 2 B, 1b cost information of MOC proposal
dated £/21/73. This eyepiece exists conpletely mounted in a lightweight aluminum
focussing mount and nay be used Yas is." For the sake of qreater compaciness and
some weight reduction, it is possible to de-nount these lenses ond reddce their
diamcters. They can then be re-mounted in a completely new barrel ond focussing
mount . :

Further iavestiqation shows that the center post from existing
comercial 10 x 50 binoculars nay be utilized to connect both binocular barrels
and adjnst interpupsiltary distances. Also, three achromatic douvblet lenses were
obtained and ¢vaivated for possibla use; although.the results gave us useful
information, we proved that achromatic doublets cannot do this job.

Beyond this, there scems to be no further use of existing parts.

g A-11



I. THE DESIGH

Table 1.1 lists the vocrtex locations, radil
end glass typos for o)l binocular elcmonts. Thlckness
of each individual element can bo derived by subtracting
vertex distances. Thus, the firgt vertox lies at the coor-
dinate, zoro inches, while tho scoond vertex is at the
coordinato .2 inches, indicating a vertex thickness for
the firat lcus of .2 inches = 0 inchea = .2 inches., The
total prisn 1length 18 5.5 inches - .75 inches = 4,75 inches.
This includes the totai physicnl ray path through both Porro
prisms.

Note that the Erxrfle eyeplece has threce ccemeanted
doublet counbinations., This in indicatod by Aidentical
radll and vertex locationo. '

A triplet ccnpriees the objective prirmarily
because of tho 20 degreo field requircsont, in oxrdor
to avoid sharp curvatures possibly required by off-axis
gorreotionn. The negative denent lies boetween the two
poaitive celcments in oxder o place tho principal plane
near the rear elcment. This allows the objective fooal
plene in thone oxtra wide anglo binoculars to fall
beyond the final pricm surfacc.

Pigure 1.1 48 a full gocale drawving of the
teleccope with the pricn unfolded. Thé pricm length eguals
the actuvel yphysical leungth of glass which the light rays
nvst traverse., The dotted lines in the dlagren indi-
cate ray dircotions in the avncnce of a prism. The Erfle
eyapiocoe is shown only in schcratioc as a blocl, but to

ceale. Note that tho teleacops will be. quito short alnce

A-12
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LENS AND PRISHM DESCRIPTION

VERTEX LOCATICON (in.) RADTUS (in.) GLASS
0 5.6 . BK7 51764z
TRYPLET 2 ~3.36779
OBJLCTIVE
w3 -2.2l5 SF2 648339
¢35 ~-9.03577
b5 5.4 BK? 517642
065 -3.‘4““51 .
e 75 int. BSC2 517615
PRISH 5.5 inf.
6. 05092 2.003 EDr1 6507348
6.5k592 1.14
ERFLE 6o 54692 1.14 B3C2 517645
?7.11192 -1,707
7.12792 3,402 EDP1 649338
EYEPYECE 7.23692 1.422 :
7.273692 1,422 BSC2 517645
7.84792 -2.138
7.86792 1.79 BSC2 517645
8.1:3992 «3e79
B.043992 -1.79 DBC2 617549
8.50692 6347

Schott Optica’ Glass Works, Optical Glasses

“  Corning Glass Works, Optical Glasses

Table 1.1
Vertex eoordinntes, radil, and glasa types for all elements of the

binoculars,
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the prisa face, B « B* in tho actual dovice will lie in
the oene plane as the face A~ A'. A socond drawing shous
the pricm cross section, assuning a Porro.

A design doos not prescribe ony specific prism
type. The fiold of view, howecver, requires a prisnm with
a large aperture in order to avoid vignetting at the
fleld rnargins. A Forro has the begt aporture to length
ratio and thorefore appears to be the most suiteble prign
for a prototype. It i1s probably also the least oexpendive
type. _

Table 1.2 18 a conputer print-out of the ray
coordinates and direction geosines as the input ray, entor-
ing tho front surfaco of tho objective at a hoight of .6
Anchos (the marginal ray height) traverses ecach iong
gsurface and finelly leaves thc Erfle cyeplece, X 18 zero
since the ray 1s noridional. 2 1s digctance along the optic
axis refcrrred to the first lens vertex. Y is the ray
hitight. L is the dircetion cocsine, here always zero
for the neridional ray. M ic thd Y dircotion cosine,
also the sine of the angle tho ray nakes with the
optical exia. N ip5 the dircction cosline along the &
aris. Positive radil are convex to the incoming ray.

The wavelenzth 1s 5893A, The prisn ean be recognized
ocslly because the diroction cosines entering the prisn
are the ecne as the dircction cosinos of the ray loeaving
the pricm. The final cutput ray height for this nar-

Ginal ray 1s almost cractly 5 millineters, indicating a

A-15



ton nillinetor exit pupil.

Table 1,3 rescmbles Table 1.2 except that tho
input rays eater the front objeetive curface ot an angle
of tecn degrees with tho optical axts. Tho Y coerdinatcs
in thig caso jindicato the mininum olcar aperture required
for caeh olczent in order to avoid vignotting.

IT. PELIORMANCE :
1. 0n Axiz.

Figure 2.1 ghows four curves corresponding to
ouvtput ray direcsotiocna for input rays _parallel to the
optical exis. The four curves represent output ray
directions for the wavelongtha LOL7A, 48614, 58934,
and 6563A as indicatod, The curves plot output ray
airection in nmilliiradlans vs. input ray helghts up to
the .6 inch narginal roy.

In order to generate these particnlar curves,
the bopt foous was found for the 6563A Bine., The LOR7A
roys expericnce ths worst focus, which nevortheless has a
gpread of the order of the visual angular regolution
1init. The output basn divergences for the othor yays
1io well beolow the vicual anmular resolution lindt  end,
in fact, aro close to the diffractlion 1linit of the cyatel.
Thus the desinn bhag been woighted torard tho visval nnpectrun,.

2, Pive end _Teon Reecmeen Innidenca.

Pigure 2.2 ghous four gctag of Curves coryise
pondinz to cutput bean directioncs for input pavellol inya
making a £ive dosree angle with tho eptieal osloe

L]

Foi* clarity cach curve hzg bheen dravn op a aenarate praphe.
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X= 0 Y= «h L3 3,203541 -0

i

T 33057
TeB1N32
700303
Be 434010
Be A0
350503
eATTY ] -

5 Yz « 50831

Y8 « 329215
Ya «358767
Yo 145328
Y= 145121
Y= 116925
Mz==o 550450

1]

X=

o

N

den 8 ¥
Gy

- -

= 0 Y= «995794 Z=. o146KR8
| Xz 0 Y= o584279 = 00047y
x= 0 Y= o5456069 73 .230973
| = 0 Y2 «58383 Za .4%1654
| = 0 Y= 4578241 77 601118
| = 0 Y= 4553984 £= .75
| = 0 Y= 4.76008F=-2  7z= 5.5
| = 0 Y==e 109147 Z= 6.4620%
X= 0 ¥Y2=.116623 2= 6.5529
= 0 Y==e 116623 Z= (45529
=0 Y220 170945 2= 710334
Xz 0 ¥Y2=e 173769 Z= 7.,13225%
X= 0 ¥Y=2=417832 2= 7.24815
X= 0 Y=2=e 17832 72 7.24815
= 0 ¥Y2=4210035 Z= 7.83758
=0 T=e 211349 2= 7.80044
= 0 S=e 200197 Z= H.42369
X3 0 Y==4 200197 Z:= 8.42569
X= 0 ¥Y==4199212 Z= 8.51005
L= 0 M= 2.04139F-4 Nz .
Table 1.2
Marginal ray height for zero degroes incident ray.
\ YO= +6 e
= 0 Y=z 4605795 2= 3.28631E-~2
T Yz 6143 L= > 143501
= 0 Y= 615791 Z= «213895%
= 0 Y= 4629916 Z= 325016
Xz 0 Y= 455681 Zz= «a89955
. Y= 661557 %= 945873
Xz 0O Y= «66027T2 Z= o765
= 0 Ya «635752 22 55
| = o Y= 627677 25 645311
| = 0 Y= 6092477 73 672352
- Y= «609477 25 672352
= 0 Y= 59552 Z= 7.00467)
5 16 Y= « 546621 2z 7.17007
X= 0 Y= «5003) Z8 T«R20%7
0 Z
‘ 0 &
\ 0 ﬁ
\ 0
0 I8
‘ 0
‘ 0

YO

Table 1.3

Harginal ray helght for ten degrens incident ray,
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The ccordinatea airce the heirghts at vhich tho rays oater
the objective leno. The abpolscae are the anglos vhiloh
tho éorroaponding output rays nake with tho optical axig,

Piguro 2.3 recgenbles Pigurc 2,2 excopt that
the inpu% rays entcr the objoctive at ten degrooo with
~the optical axia. liotico that the curveas stop at tho
«2 1nche zcne because meridional rays below this height
ere largely vignctted by total internal roflcoitlon at tho
irflo  intornal ourinees,

3. Virnotting.

In the preoont binoculars, vighotiing can
reoult fron two cougess phyoicol limitations and total
intornal roflection uhen 1fizht rays atriko iil>rnal glasa
curfacos ot angles oxcoeding aritical duglco. Tho offoot
of the Cfirst linltaticn can bo infexred fron Tableas 1.2
end 1.3 in Beotion T which chow the ray heights of tho nar-
ginal ray ca it Aintorseots cach optieal curfacc. An
inrortant physical linitaticn vhotwover ig the 1oﬁgth to
aporturc ratio of Cho piricn, Tho prica lceagth 1o
ulticately sot by tho £ nunboyr of the oystexz aund this
in tuirm cota a 1init en tho prico aporturo.

A moro fundementai linitatsion penifonte
itcolf when tho ficld of vicw becones largo and tho
cveplooce onpericnecos otcep intornal incidence auzles,
Fox oxomple, o Swucaty degree incldeat chiel ray boconcs
a 6ixty dcsree cnorpirrray. larginal rays crperience

cvon gtocepor Aepos. Thua, total intornal reflcetlcn
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ococurring when internally incident rays excocd critical
angles aots a 1initation on fiold of view vhich 1o
difficult to cirounvont,

Figurcs 2,4, 2.5, 2.6, 2.7, end 2.8 aro computer
gonerated ocpot dlmgrams indicating aporture lons arising
from total internal refleotion. They corrcsrond to
0°, 7°, 9°, 10°, and 12° incident parallel roy bundles.

At zero degrees incidenee no vignetting from total intornal
rofloction oocura rnd the cerresponding agpot diecgrom is
full., At seven dexrees, the first loss beging to occur at
tho bottom and sides of tho aperturc. Nine dcgroc inocidont
raya show more noticeable loss at the aporture cdges and
botton, Ten degree incident rays are quite opotty,
indicating that each ray otrilkcs at lcast ono internal
curface of the Erfle cyopiceco at closo to a critical

anglc. Pfsure 2.8 depletinz operturc loos for 12 aegxoo
inoidcnt rayvs chown conplote loao of gporture at the

botton edge as well ac spotty trancmittance throughout

tho aporturc.

III. OPTZIIIZATION

The deaicn appears €o be close to cptimun,
Sone further dcsign effort, howover, has rosgultcd in a
slight inprovement. fThis npay be acadcnie slnes the proe
gnnt dosicn geens  woll within roguired toleranccegs
heace further inprovenacnt nav not oven be notliccable,
Az on excnvle of tho dearee of improvenent, Tablco 3.1

end 3.2 cenpare alichtly dmproved design with tho raporvcd
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domign, The output rays correspond to incoming 5893A
rays mnaking on abglc of five dcgioea with the optical
afis., Any modifications from the present reported
decign wihich result in significant imporvement will
be'connidorod in an ccetual prototype manufacturo.
Typicel inprovements would result ins more
tolcrance for the lons nmaker, better resolution (ciohe
ination of the prescnt design suggests that such node-
ifications would 1likely produce insignificant improve-
nent to tho presont dosign), feower elcacnts, or cialler

and lighter clcnents,
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Pigure 2.4
Conputer gonernttd spot diegran showing anerture for zoro dcgrcas

incident rays £4lling the entrance pupil.
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Piguro 2.5
Computer gencrated spot dlagran chowing aperture for seven Aogreos

incident rayc filling tho cntranco pupil.
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Flgure 2,6
Computor gencerated spot dlagram showing apcrture for nine degrecs

ineident rays ¥111ing the entrance papil.
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Pigure 2.7
Computer generated spot dingianm showing aperture for ten dogroes

incident rays £11ling the cntrance pupil.
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Pigure 2.8

Conputer goenerated epot dioagran choviing aporture for tuelvo dcgréoa

lncldent raysg £131ing tho catranco rupil,
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YO= o6

= ER ) b ] = e YO= «6

20,0 A SR R L= 0 M==.263909 Ne= .964548

e 0 - . YO= «5

Mo i T eoRRi S SpatRd Le 0  M==.264052 N= +964509

&6 e : YO= o4

76—00 WSS ERUATA NS I HAS08 La 0 Mm=e264144 Nm +964483

§ YO 3

=2 . MREGRGTIN N RYEe0D Lo 0 Me-.264162 N= +964478

ys=s 2 » YO= <2 .

L= 0 Mz=e 264012 N= +9264519 L= 0 M==e264115 N» +964491

YO=~e 4 . YO= o1

= 0 M==. 264159 N= 964479 L= 0 Me=e 264029 Nm= 4964515

YO==«6 YO= 0

= 0 M==.263122 N= .964763 L= 0 M==.263931 N= «964541

Table 3.1 Table 3,2

Output beam angles for corrcspond- Output beam anglcs for correge
ing eperture heischts. Preascnt design, ponding aperturo hoichta.
radiuan of fifth triplet suriace, Posalbly more optlinun deaign,
Q= 5,4 inchog. Radius of fifth triplet

gurface, R = $,451477124,
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