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1. INTRODUCTION

1.1 GENERAL

Third generation (GEN III) image intensifier tubes operate in a narrow
spectral region and use a thick, low index glass faceplate (Corning 7056), rather
than the conventional fiber optic faceplate of first and second generation tubes.
This report analyzes the impact of this design in the area of goggle objective
lens systems.

Evaluation proceeds on two levels. The first task examines the possibility
of using the AN/PVS~5 goggle objective lens both "as is"” and in a modified state
with GEN III tubes. The second task looks at two alternate designs. One design
is similar to the current objective lens configuration, while the other is an al:t
new approach with lower cost and weight heavily favored. Based upon the results,
conclusions are drawn and comparisons made, leading to recommendations for use as
guidelines in the development of GEN III goggle systems.

1.2 APPROACH TO COLLECTION OF EVALUATION DATA

1.2.1 AN/PVS-5 Evaluation

To provide a reference for comparison, the AN/PVS-5 18-mm goggle objective is
evaluated as it presently operates with GEN II image intensifier tubes. This
evaluation is performed in the wavelength range from 0.5y to 0.8u.

1.2.2 Task 1 Evaluation

The aberration and color characteristics of the 0.225-inch image intensifier
tube faceplate are examined in relation to the original objective's performance.
A full examination, involving fan plots and MTF runs, is not performed. Calcula-
tions are given which provide the information necessary to evaluate the coupling
of the lens to the faceplate.

A partial modification of the AN/PVS-5 goggle objective lens is also carried
out, paying close attention to restrictions on dimensions, weight, and manufac-
turing costs. To minimize changes from the current system, the image intensifier
tube faceplate is considered to be variable. Glass substitutions are made only
where optically necessary. The intent is to optimize the lens performance with
a minimum of changes. Evaluation of the system is in the spectral region from
0.7u to 0.9u, in accordance with the GEN III tube response.

1.2.3 Task 2 Evaluation

Full modification of the AN/PVS-5 objective is performed with all curvatures
and spacings variable. Curvature of the intensifier tube faceplate is avoided,
and more freedom is taken in glass choice. The goal is to modify the existing
objective into an alternative configuration which optimizes performance where a
partial modification falls short.

e
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A new objective lens for use with the GEN III tubes is analyzed. A Baird-
Atomic objective lens which is lightweight, short, simple in configuration, and
inexpensive--yet suitable in optical quality--is used. This is a demonstration
of the feasibility of designing a lens which meets the above criteria.

All evaluation data for this task are prepared in the GEN III response region
from 0.7u to 0.9u.
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2. EVALUATION

2.1 GENERAL

For each of the systems, 1:1 and 2:1 scale lens plots are provided to show
on-axis and full field ray traces. In addition, ray trace fan plots (aberration
curves) in primary (P), secondary (S), and tertiary (T) light, and geometric MTF
plots and system calculations are presented. Appendix B contains a list of the 4
abbreviations which apply to the calculations pages. Lens prescriptions for the
AN/PVS-5 goggle objective--in its present design, as well as under partial and
full modification--are provided in Appendix A.

h left-handed coordinate system (Figure 1) is the convention for all the
plots, calculations, and discussions in this report.

TANGENTIAL (Y)
AXIS '
+ .

T OPTICAL (Z) AXIS
J
SAGITTAL (X) AXIS

Figure 1. Left-handed coordinate system

Light rays originate from an object to the left and travel in the positive 2
direction. Optical surfaces are numbered increasingly from left to right with
the first surface numbered one (1l). Optical elements are similarly numbered,
with compound elements having alphabetic subscripts (example: AN/PVS-5 triplet
is compound element 4 with individual elements 4A, 4B, and 4C).

The ray trace fan plots express the change in ray intercept height as a
function of fractional ray height on the entrance pupil. The intercept height of
the chief ray (ray through the center of the entrance pupil ) is used as a refer-
ence (Figure 2).
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Figure 2. Ray trace fan plots

These plots may be related to the aberration coefficients given on the system
calculations pages (Figures 8, 14, 20, and 26) by fifth order expansion equations.
The height, y' (tangential plane), of a meridional ray at the image surface is
given by:

y' = h'H + (SPHR) Y’ + (COMA) HY? + (TANG) H2Y +
(DIST) h'H® + (SPHRS) Y® + (COMAS) HY" +
(ToBsA) H2Y® + (Ecoma) H’Y? + (TANG5) H + (DISTS) H°,

where H is the fractional object height, Y the fractional pupil height, and h'
the gaussian or first order image height. Similarly, the coordinate of a sagittal
ray at the image surface, x', is

x' = (SPHR) X’ + (SAGT) X* + (SAGT) H?X + (SPHR5) X° +
(soBsA) H?x® + (SAGT5) H'X,

where X is the fractional pupil coordinate in the sagittal dimension.

The MTF results are calculated by tracing a number of rays through the lens
system and analyzing the spatial distribution of their intercepts in the image
plane. Weightings refer to the number of rays traced through half of the entrance
pupil for a particular wavelength of light. For the AN/PVS-5 evaluation, a weight-
ing of 40,20, 20 is used for wavelengths of 706.5 nm, 546.1 nm, and 852.1 nm
respectively. This is representative of the relative response of second genera-
tion tubes. GEN III tubes have a peaked red response; therefore, all MTF's for
GEN III applications are given a weighting of 40 at 800 nm, 8 at 700 nm, and
8 at 900 nm.

The total lens weights given are not to be considered exact. Ground flats on
negative elements, exact outer diameters, and other engineering considerations
are not incorporated into the calculations. The weights are provided for compari-
son purposes, to analyze the benefits of one system versus another.




2.2 TASK 1

2.2.1 AN/PVS-5 Goggle Objective With Thick Faceplate (Figures 3 Through 8)

In general, a flat, thick faceplate inserted in the optical path of a lens
contributes overcorrected spherical and axial-chromatic aberrations, as well as
positive astigmatism and negative coma. These lead to residual aberrations and
consequent deterioration of image gquality.

Overcorrected spherical aberration is immediately evident in on-axis resolu-
tion considerations. The equation for third order spherical semiblur due to a
thick plate is:

2
SPHR = + = <5——-——l
n

3
) : > x d x (N.A.)

Here, n is the refractive index of the material, t, the thickness, and N.A., the
numerical aperture of the cone of light incident on the plate. The plus (+) sign
indicates overcorrection. For an £/1.35 light cone, 1.481 index of refraction
(Corning 7056, A = 852.1 nm), and 5.7-mm thickness, the third order transverse
semiblur is 0.05 to 0.06 mm. Referring to the aberration coefficients of Figure 8,
SPHR (third order spherical semiblur) becomes approximately 0.03 to 0.04, while
SPHR5 and SPHR7 have smaller positive changes. The balance achieved during the
design of the AN/PVS-5 objective for GEN II use is thus lost and severe on-axis
blurring occurs. The blur circle radius can be reduced by a factor of 4 if pure
third order exists, but the higher order aberrations of this problem prevent such
an improvement.

As stated, the off-axis imaging is afflicted with negative coma (negative,
because the chief ray angle for off-axis points is diverging from the optical
axis). The third order formula for total coma transverse blur is:

2
COMA=-%<"——l
n

) x d x (N.A)? x ﬁ;
3

where E is the tangent of the full field chief ray. At 20 degrees, this amounts to
-0.16 mm. The approximate effect of this on the AN/PVS-5 is visualized by adding

a negative parabola having a value of -0.16 mm at 1.0 fractional pupil height to
the full field fan of Figure 6. (Figure 6 is used because it is most representa-
tive of the aberrations at long wavelengths.) This coma causes the image of
off-axis points to flare toward the optical axis. Add to this positive astigma-
tism, and the result is extreme off-axis blurring.

2.2.2 Partial Modification of AN/PVS-5 Objective With Thick Faceplate
(Figures 9 Through 14)

The AN/PVS-5 GEN II goggle objective performance depends upon a sensitive
aberration balance of the adjacent surfaces of elements 5 and 6. Surface 12
(element 5) contributes a large amount of undercorrected spherical aberration and
negative coma, while surface 13 (element 6) counters with appropriate amounts for
balance. The partial modification utilizes this in minimizing the changes neces-
sary to establish optical quality.

-
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1:1 SCALE ) 1

//
Focal length 26.64 mm (A = 852.1 nm)

F/no. 1.33
Field of view 40°

2:1 SCALE

Figure 3. 18-mm AN/PVS-5 goggle objective lens
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1:1 SCALE

GEN 11l TUBE
FACEPLATE

N

2:1 SCALE
Focal length 26.58 mm (A = 800 nm)
F/no. 1.35

Field of view 40°

Figure 9. Partial modification of AN/PVS-5 with GEN III tube faceplate
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Figure 11. Partial modification of AN/PVS-5 with GEN III tube faceplate--
ray trace fan plots in S light (700 nm)

17




1.0

v 7 b
FIELD y ?
i ——c —— X Lyvv?” Dy , PO - 2 I/
v
v
FIELD
v v v v
4 oo esouy %7V A, . F;n;n 229 VvV
B i
FIELD :
TANGENTIAL FANS SAGITTAL FANS
"
ON-AXISFANf=x e v ? 7 7 7
v
PLOT SCALE =0.1 MM/IN.

1 FIELD CURVATURE

Figure 12. Partial modification of AN/PVS-5 with GEN III tube faceplate--
ray trace fan plots in T light (900 nm)

18

-




- /7

J

1.0
¥
v
L
v
L v
v
= . .
) . v =
< s
= 2
d
a
()
} | s —y } } — .
10 20 30 40 50 60 70 80 90 100
FREQ (LP/MM)
WAVELENGTH (NM) MTF WEIGHTING
x  TANGENTIAL RESPONSE 800 40
+  SAGITTAL RESPONSE 700 8
V  45° RESPONSE 900 8
180
w
N —- w ¥ —% = —%- - 8- w
% 10 20 30 40 50 60 70 80 90 100
a
-180

FREQO (LB/MM)

Figure 13. Partial modification of AN/PVS-5 with GEN III tube faceplate--
on-axis MTF plots

19

SRR —




--o3erdedey aqni III NID Y3ITM G-SAJ/NY JO UOTIEDOTITpow [eT3xeg ‘[ @anbra
0c000U U~ weTgle ' U Tuudon®o= LihLun'y 200000°0 GUhLOH O o0Luo®00T ‘ot
920000° 0= QhnYnh®y ¢0CUGCV° 0~ LLESLH Y ouvouo’o LLEILN U u0g00°06 ‘o
GCU0UU° U~ Ohigbh® ) bQuJuuo- a50005°0 Ju000L*o SG00hS°C vUgUU 0V ‘v
*Hhcu0Loce- ¥2g9¢enty Lluu00°0- J6UGYG 0 0Uv000°0 968425° 0 v0ou0°0L ‘L
2¢0000° L= agulys o g2uduu° o= Crggu9’o 0G0vu0°0 2EELL9°0 VoUo0°0Y *9
g10000°0~ S§2eev ) Geuyouto- 2¥x0HU9* D qu9GLL°o 9¢0h09° U uocuo0*os °s
hl0000°u- 292669°0 §cLILO0 0~ lggsey’y ouoGuL®n 1e€6e9 U 00Cu0°Qn *h
slluUnL*0~- LTV 910LJ0G°* 0= 64GTuL v 0000L0°*9n ugsToL U 00c00°0¢ ‘g
Gu0000°0- LrTond*y 60u000°0- cogLed’ 000000°0 25¢€Lc8°0 000 °ce °2
200000°u- L2TTs5e%0 x00LJ00° Y- ¢heehe’ ) 000000°0 2heene "0 oucoo*ot £ &
3SVHd J44I930 gh 1SVid VI Liid99Vvl I5Vdd avilIevs AIN3NU3YS
Judoueo*n gongun*e toouLo®y uoouoo0°o0 U 0 0 (%] ] un
(UILITES=3PI03 MASHX) K ¥ A P /uA H/0A 1 S d 1 S d
(39Val) AYY 331nD w0ILIs0d €314 S34n1V4 Siuds J009
V1iva 31W SIXV-NO
o
loosT0®0 2666T0° 0~ nh1200°0= 82L500°0~ S
(1x (S)X 40109 d=-S ¥010J 1-S
ceulth®0 (PSSR Ygeduete 000000°0
JuVal=n/l JOVAL=-A X dA Y3A == LH9{ I=d W] VIVO AVH 43IHI =--
Ul 36Z0TT90°0= ST Lu91dn LJ4rud *GI13T4 00°T AV SI V3
viva AVY 431HD @13id 1nd
hGLOlON Y- = IS ILhgL0u®o- = Vs 2GIsguu’l- = 14 2066LT0°0~ = vd
1hycedll®o =VsouS wfe69n0°0 ZysSHUl ©£96EH0°0- =yw0)3 119291C°0~ =LY¥HdS
VZelTIun*u= SGUSIU £hThLLO U =ud13d v9ves9v’y = 19VS LEILOne®0 =69yl 2T26H020°0 =SVWQD 210000C°0- =G YHdS
VivLe9D°U"- = 4SI0 TuvcHitil®u= = 241d ulhygd9u®0" = 19VS 6hdhhul® - = 3Nyl <EQGS0H0°0 = VWQJ TSLLYT0°0 = Y¥HdS
Uulngg =uyHIN hGLLlbLuCe = Xal 6512L9°0S = NIAC 89649%°¢ = lHSH
aurnou L = on 6094102 1 = 44l 11 3€€26992°0 = Qrdo 91EShe 1 = WiNg
LThouy h= SYVBTA dnh09n®u =HUBNL blu6lL L = R noooou*o- = 9yl 00t18Ls"9e = N124
2109L3°e = 1 6591Lg°0- = Wi ¢toulce ‘e = LA 6T 39£0T196°0-= H touoou‘o = Jaxg

SUOT3eTNOTeD Wa3lsAs

WN 006=1HOIT1 WN 00£=1HOITS WN 008=1HOI d

Viva W3LSAS




The triplet elements (4A, 4B, and 4C), plus the last two elements (5 and 6),
are modified in position, shape, and thickness to control the aberration balance
between surfaces 12 and 13 for correction of the faceplate aberrations. Elements
1, 2, and 3, and their intermediate spacings are held unchanged. The image inten-
sifier tube faceplate has a spherical curvature with a radius of 44.3 mm. One
glass change is present in element 6. The replacement is a flint glass of higher
index and dispersion than the original.

The on-axis results show some improvement over the GEN II objective. Though
higher order spherical aberrations are apparent in the outermost rays (note nega-
tive curl of the on-axis fan plots), MTF calculations show a 6 percent gain in
contrast at both 20 and 40 line pairs per millimeter. The presence of the higher ]
order effects impose the f/1.35 speed of this system as a maximum. If the aper-
ture is opened, the minimum attainable on-axis spot size increases and a consequent
reduction in contrast occurs.

Imaging off-axis is nearly equivalent to that of the GEN II objective. A
different type of aberration balance exists with some residual negative higher
order coma at full field. The resolution at these field angles can be improved
by vignetting. This is an area for trade-off analysis. In many available
binocular systems, high relative illuminance levels are not provided at full field
and have proven not to be necessary. Since an observer tends to concentrate on
the center of the field of view, and the option of adjusting the subject matter in
this field exists, vignetting is not detrimental when the outer parts are visible
for reference. The amount of vignetting necessary to improve the off-axis imaging
will reduce the percent relative illuminance to approximately 50 percent from an
initial 70 percent. Such a reduction is not significant.

Distortion is determined from the equation:

GSHT - Y-image
GSHT

% distortion = x 100%

Y-image, the exact image height calculated by ray tracing, is provided under the
heading "Full Field Chief Ray Results" on the system calculations page (Figure 14).
GSHT, located under "System Data" on the same page, is the gaussian or first order
approximation of the image height. This system's distortion of -7.1 percent
closely matches the -7.3 percent of the original objective, providing compatibility
with the current goggle eyepiece.

The length of the barrel assembly for this lens will be approximately 46 mm
and have a glass weight close to 49 grams. (Note: GEN III lens lengths do not
include the faceplate thickness.) Installation of a diaphragm iris, for reduc-
tion of aperture at higher than normal light levels and for increased depth of
field, should be positioned behind the third lens element. The lens spacing is
not, however,sufficient to easily retain the adjacent lenses and simultaneously
mount the adjustable iris.

All surface curvatures and element combinations result in a manufacturing
cost comparable to that of the AN/PVS-5 system. The edge on element 5 (1 mm
at 20.2-mm diameter) indicates that a special lens cell must be used to mount
this element if a single bore lens barrel is to be used. Further study and
greater modification could alleviate this problem. Tube manufacturing costs
may increase due to the curved surface required on the intensifier tube faceplate.
This surface must be controlled in figure, centering, and sag to the same tight
tolerances imposed on high quality lens elements.
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2.3 TASK 2

2.3.1 Full Modification of AN/PVS-5 Goggle Objective With Thick Faceplate
(Figures 15 Through 20)

The lens configuration of the AN/PVS-5 does not lend itself to extensive
changes in element glass types without significant changes in the total lens
configuration. Two advantageous material changes, plus controlled adjustment of
the aberration balance, permit a reasonable performance result while maintaining
a flat faceplate.

All curvatures, thicknesses, and airspaces are changed from the GEN II con-
figuration. Element 4B (center of the triplet) is now a recently developed
lightweight flint of higher index and dispersion than the original glass. Be-
cause element 6 contributes the same overcorrected spherical and axial color as
the faceplate, this element's effect in these areas is reduced by using a lower
index flint with less dispersion.

A better balance of higher order spherical aberrations with the third order
contribution establishes an on-axis MTF higher than that of both the GEN II
objective and the previously discussed partial modification. Gains of 14 percent
for 20 1lp/mm and 20 percent for 40 lp/mm at f/1.3 are achieved over the AN/PVS-5.
This speed is a maximum, as the dominance of higher order aberrations is already
evident (see on-axis fan plots, Figures 16 through 18).

Similar improvements are present off-axis as the negative coma of the face-
plate is neutralized. Calculation of distortion from the full field chief ray
results gives -7.1 percent, again compatible with the current eyepiece. The
sagittal full field fan does demonstrate some residual oblique spherical aberra-
tion, but, in general, the performance is equal to or better than that of the
AN/PVS-5.

Figure 15 demonstrates that a single barrel inner diameter may be used for
mounting the lens. The length of the barrel will be approximately 49 mm, which
is longer than the partial modification, but not excessive. The natural stop is
at element 3. The airspace between this element and the next is better suited
for mounting an iris diaphragm than that afforded by the partial modification.
An estimated glass weight for this system is 51 grams.

The MTF and aberration data show that when scaled for a 12-mm format, this
design might be opened up to f/1.2. If further study allows modification of the
higher order spherical aberration, a speed of f/1.1 might be possible. The 51
grams listed above would scale to approximately 16 grams, but this number would
increase if the f/number is opened up.

Several inherent characteristics of the AN/PVS-5 goggle objective still
present in this system prevent significant reduction of weight and manufacturing
costs. Several glass types are premium in quality with excellent resistance to
environment, high transformation temperatures (desirable in obtaining hard coat-

ings), and reasonable staining resistance. Unfortunately, weight and cost suffer.

Over 50 percent of the glass types in the AN/PVS-5 have densities exceeding 4.00
g/cm3. In addition, four of the elements have glass prices over $50.00 per
pound (grade A slab price). The lightweight, inexpensive replacement glasses
used in this full modification cannot produce a noticeable reduction in weight
and cost with these factors--plus the complex lens configuration--to overcome.
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Figure 15. Full modification of AN/PVS-5 goggle objective with GEN III
tube faceplate
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2.3.2 Coupling of Baird-Atomic Lens No. MT/RR-001 to Thick Faceplate

(Figures 21 Through 26)

As stated in the discussion of Task 1, the thick faceplate introduces over-
corrected spherical and axial color, with off-axis positive astigmatism and
negative coma. The new design reported in this section compensates for several
of these problems and demonstrates the potential for modification toward an
overall high quality performance.

The Baird-Atomic objective lens (No. MT/Rk-001) consists of four simple
singlets plus a doublet, and contains only two optical materials. Elements 1, 3,
and 4B are of readily available, inexpensive, low dispersion crown glass. A
styrene plastic is used in the remainder of the elements as a flint. Aspheric
surfaces are not used on the plastic elements, but can be introduced to obtain
increased performance levels.

The length of the barrel assembly for this lens is 42 mm, a substantial
improvement over that of the AN/PVS-5 by virtue of a 10-mm reduction. With no
thin edge problems, a uniform barrel inner diameter is easily accommodated.
However, the natural stop position, located after element 2, implies some diffi-
culty in mounting an iris diaphragm. The glass/plastic weight is 28.3 grams,
far lower than in any of the other systems considered, with the density of
styrene (1.04 grams/cma) accounting for much of this weight-saving.

The on-axis fan plots and MTF demonstrate excellent balancing of axial
aberrations. Contrast is held to greater than 58 percent as far as 100 lp/mm,
with values of 94 percent at 20 lp/mm, and 83 percent at 40 lp/mm. Because of
the resolution limit of image intensifier tubes, this MTF is excessive and should
be reduced to permit improvement in the off-axis behavior. Such a reduction will
not result in a significant decrease in the f/1.25 speed, as trade-off can be
accomplished without decreasing the system aperture.

A final version of this lens could attain a speed approaching f/1.0 when
scaled to a 12-mm format. In addition, the glass weight would most likely be
less than 10 grams. Optimization of overall image quality for an 18-mm format
ensures a similar result when scaled.

As presented, the design does not fully compensate at intermediate field
angles for the negative coma introduced by the thick faceplate of GEN III tubes.
At full field, higher order positive aberrations overcome the coma, but residual
oblique spherical aberration remains. In optimizing the off-axis resolution,
the distortion will also have to be modified as it is currently -4.9 percent.

Because of the small size of goggle objective elements, the material cost of
the glasses is not as significant as their workability. This lens design is
extremely simple in this respect. The glass elements are easily manufactured
lens shapes, and the plastic elements, on a production basis, could be from 1/2
to as little as 1/20th the cost of equivalent glass elements. The exact cost of
the plastics is a function of the production quantity, precision requirements,
and optical coating complications. Due to the simplicity of this lens configura-
tion, cost savings will still be evident even if replacement glass elements are
used. If the benefits of plastics in cost and weight are to be realized, the
current goggle standards may have to be relaxed. Plastics are not as stable as
desired, which limits their use in systems containing critical balancing of sur-
face aberrations.
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Figure 21. MT/RR-001 objective lens with GEN III tube faceplate

30




1.0

FIELD

FIELD

FIELD

*
+ Pt P +
* oy H * & 2
+*
+*
+ = I I +* * Hf * ¢+ s ¢ *
f
+
. L
T ARl T ¥ + 5 %;' ¥ 5+ ° -
+ +
+*
TANGENTIAL FANS SAGITTAL FANS
L
| ON-AXIS FAN 4ttty
L PLOT SCALE =0.1 MM/IN.
FIELD CURVATURE
Figure 22. MT/RR-001 objective lens with GEN III tube faceplate--

ray trace fan plots for P light

(800 nm)

31




FIELD

o +L‘—+—'—r
x X x
x
x
FIELD
‘4 ﬁ'—-—+—l—.—f
4 & . ]
x
x
FIELD

TANGENTIAL FANS
]

4
FIELD CURVATURE

ray trace fan plots for S light (700 nm)

32

x
ON-AXISFAN jx-x x x x x x ¥ X

Figure 23. MT/RR-001 objective lens with GEN III tube faceplate--

SAGITTAL FANS

PLOT SCALE =0.1 MM/IN.




b
%

v
100 s bt by e v v
v e I "o v ¥
" FIELD
24
v
.7 — g v v ][ oy = }—'—VTW—V——-
v
. ©
FIELD
] v i
4 — R - ‘.—.—a—n—.—.—.—u—'; {
- v v j
v .
FIELD
TANGENTIAL FANS SAGITTAL FANS 1
« i
ON-AXISFAN =22 ¥? v o aw? ,
¥
. | - PLOT SCALE =0.1 MMW/IN.

FIELD CURVATURE

Figure 24. MT/RR-001 objective lens with GEN III tube faceplate--
ray trace fan plots for T light (900 nm)

’ 33




1.0

¥
¥
¥ - B
L 1
v : i
o ¥ :
| = ¥
93]
<
X
-
y
a
J
4 "R B HEPE R o
10 20 30 40 50 60 70 80 90 100
FREQ (LP/MM)
WAVELENGTH (NM) MTF WEIGHTING
x  TANGENTIAL RESPONSE 800 40
+  SAGITTAL RESPONSE 700 8
V  45° RESPONSE 900 8
180
u
N R B - —8— B 2 — 8 B B w
% 10 20 30 40 50 60 70 80 90 100
a
-180
FREQ (LP/MM)
Figure 25. MT/RR-001 objective lens with GEN III tube faceplate--

on-axis MTF plots

34




SUOT3eINOTedD wWa3sis

--a3erdeoey aqny III NIO Y3ITM SUST aAT3IDa(qo T00-¥d/IW °9Z °anbrd
’I’..UI
Z ., 9to000°0" 2e¢Giysu 92u000°*0- Shy [US°V Ltuv00°®o SheTus 0 00000°001
91L0000°0~ c69% ([ u geuJoctu- 2eEhEIY J0o0UV0°*0 £EENE9°0 000UU°* 06
A ~ gluoov®o- acgLLsty 120400°0" ouynd9°®) 00u000°0 60Sn.9°0 00000°0v
110000°0- taluhd®y 6lUV00°0~ ceySuL U 0u00u0°0 2€860L°0 00000°0¢
0k0000°0~ R S Y] gtTL000°0" nhGIEL" Y oovecoo‘*o hhG9¢L°0 V0000° 09
800000°0~ 190¢gt *u ®Tuu00°0~ Jolsll®y 000000°0 961S4L°0 00u00°0s
Ludoou°o- 9e¢039¢ 0 oludoo0°0~- dlgseu®n 00U000°0 818526°0 00000°0"n
S0V000°0"- LN0goL "y L0U000°0~ L0GYE "V 000000°0 L00Sg8°0 00000°0€
g0uL00°*U= L9690 ") S0UJ00°0- slhene oovacu‘®o GIhehe" 0 vouoo°oe
tv0000°0"- LT TR 200000°0- Ulghee’u 00V200°0 0IShgeE" 0 000J0°01L
ISVhd RECDE [P 3SVHd AVILN3YNVL ISVnd WLLI9VS Adn3N0 344
youoaue*o 0000NV°*L [TV IVAVIVEA Y] 000300°0 0 0 0 e ]
(U3LITHS=SNIL Y MA* ¥X) 14 HA Lt /70X H/0A 1 5 d 1 S
(39Vwl) AVYY 43IKHI 4OI1150a 37314 S3yn11v4 S10dS JO
viva 41IW SIXV-NO
9L£990°0~ 0,5201°0- J50500°0 €25hU0°0
(X (s)x 407020 d=S ¥010J 1-S
o3LThh L 2ns0L6°y 195 1ce i uvoovo°o
J9VuI=W/1 EETES Y X 1A W3A == 1H9IT=d NI VAVO AVH J3IHI -~
Ul 3nn6GS0L°U= ST LH9I3n 123r40 *01314 00°T 1V SI Nvd
viva Avd 431HD @13id 11nd
166£100°y = 1S ¢£09600°0 = Vs hIcetuo’L- = Id h9¢9900°0 = vd
630n6L1°0 =VSuUS LeglILg’L =ysSHOL “h2€06T°0 =vw023 2e86ltu°0
Gh1L000°0~ =G1S1I0 YureEsn*J =t213¢ Inhlhs00 =519vS Ly9lL»0°0 =GUVYL 66GSETH°0- =GVW0J 9658590°V
gh6lgno®0- = 4S1C 98930T1°U- = 213d seleLll’o- = 19vS §T0G0€L°0" = uNvi $8G8L9T°0- = VWOD #9€LHhi0°0
I DLETS] =yveln vhESEy°*0¢= = xil 6TIELT L = NIAO 2Le62h’e
WOBLLIR! = on €GL929°y = nal 11 3hd6e361°0 = Qrgo 09s6nc°’1
1€9c0T°g~ SHVETA 6¥sesh°C SYVENN 2€6Tuc’w = X3 000000°0~ = 9vYwW L9L0he 92
000005°0T = 1A 0hTNOK 0= S ¥ ovoous*otL = WJiE 0T 3Eh6GG0L°0~-= H 010000°0

WN 006=1HOIT1 WN 00£=1HOITS WN 008=1HOINd

Viva W3LSAS

‘ot

)
]
3
°9

0nh
d
09

=L YHdS
=G HHAS
= Y¥HdS

1HS9
wWnNhg
N4
e

35




3. CONCLUSIONS

A summary of the evaluation results is presented in Table 1 for reference.
The conclusions given below are based upon the collected data and the results
obtained for this report.

® The standard 40-degree GEN II goggle objective lens will not provide an

adequate image through the flat faceplate of the GEN III image tube.

A standard 40-degree GEN II goggle objective lens, with 75 percent of its
elements modified, will give an adequate image on a curved faceplate

GEN III tube, but is not a reasonable solution due to the high cost
associated with this special curved image tube faceplate.

A lens using the general form factor of a GEN II lens, but with new
curvatures and some low-cost glass, will offer good image guality on a
flat faceplate GEN III lens.

A lens designed solely for the narrow spectral response of a flat face-
plate GEN III tube is the best solution.

No substantial gain in optical aberration correction is achieved by curv-
ing the thick faceplate of the GEN III tube.

The stability of plastic lens elements limits the useful operational tem-
perature range for total aberration correction.

The length, weight, and cost of goggle objective lens systems can only be
reduced in a lens with form factors different from those of the GEN II
lens design.

A multilayer, antireflection coating on the tube may improve the contrast
transfer of a GEN III tube. Because of the low index glass faceplate,
single layer magnesium fluoride does not offer much improvement over
uncoated glass for its cost.

Any rejection filters needed should be built into the objective lens
glass to save system weight.
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4. RECOMMENDATIONS

1. Develop and build a glass prototype goggle objective lens system specifically
designed for use with flat faceplate, third generation image intensifier tubes.

2. Develop and build a glass/plastic prototype goggle objective system for the
same application as 1.

3. Require 1 and 2 to have equivalent laboratory performance.

4. Specify 1 and 2 to have length, weight, and projected manufacturing costs

‘less than for current goggle objective systems.

5. Carry out environmental field test of both 1 and 2 incorporated into a GEN III
goggle system or equivalent.

6. Examine the effects of 5 on a glass/plastic prototype objective with human
response and laboratory tests.

In the course of developing the prototypes of 1 and 2, focal length, field of
view, and distortion results may not be compatible with existing goggle eyepiece
systems. The concurrent development of less costly, lightweight eyepieces com-
patible with the prototype objective lenses should be considered. This will per-
mit advantageous changes in focal length and field of view while ensuring the
maintenance of a distortionless system.
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Appendix A

LENS PRESCRIPTIONS

Table A-1l. Lens Prescription, AN/PVS-5 Goggle Objective

Radius of N
Curvature, mm Thickness, mm d
26.82
72.61 4.40 1.728
1.29
26.82
58.74 3.90 1.734
2.34
-32.17
18.93 1570 1.785
4.17
_ii'gg 5.80 1.734
_101'54 1.00 1.698
—27.73 3.00 1.697
300
22.99
_41.45 5.60 1.788
2.00
-28.14
33.7 2.40 1.654
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Table A-2. Lens Prescription, Partial Modification of AN/PVS-5 With GEN III
Tube Faceplate

Radius of N v
Curvature, mm Thickness, mm d d &
4
26.886
Element 1 72.745 4.405 1.728 28.7
1.281
26.886
Element 2 58.870 3.898 1.734 51.7 ;
2.349 |
-32.243
Element 3 18.975 1.709 1.785 26.1
2.606
]
Element 4A _gg'gi: 4.234 1.734 51<7
Element 4B 14.066 1.175 1.698 38.6
Element 4C -39.203 5.446 1.697 55.4
0.507
24.303
Element 5 -46.189 4.232 1.788 47.4
€.060
-23.357
Element 6 366.722 5.657 1.785 25.8
2.032
Faceplate mqd L 5.281 1.487 65.2

oo

40




Table A-3.

Element 1

Element 2

Element 3

Element 4A
Element 4B
Element 4C

Element 5

Element 6

Faceplate

Lens Prescription, Full Modification of AN/PVS-5 Goggle Objective
With GEN III Tube Faceplate

Radius of
Curvature,

28.043
258.664

26.692
43.659

-67.591
17.539

25.998
-32.336
17.059
-45.585

27.576
-60.778

-20.048
27.824

Thickness, mm

3.689
0.391

4.275
1.773

1.683
7.924
5.280

0.979
6.364

0.082

7.533
2.861

3.404
2.199

5.678
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1.728

1.734

1.785

1.734
1.706
1.697

1.788

1.549

1.487

28.7

51.7

26.1

ST.7
30.8
55.4

47.4

45.4

65.2
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DIST
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ECOMA
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PA
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SA
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SL
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S-P COLOR
SPHR
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S-T COLOR
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Appendix B

ABBREVIATIONS, ACRONYMS

Paraxial system backfocus

Transverse tangential coma--3rd order
Transverse tangential coma--5th order
Fractional distortion--3rd order
Fractional distortion--5th order
Transverse eliptical coma

Equivalent focal length

F/number

Gaussian image height

Object height
Slope of chief ray at image

Object distance

System length (first surface to paraxial image plane)
Primary light
Transverse primary axial color--1st order
Transverse Petzval blur--3rd order
Transverse Petzval blur--5th order
Transverse primary lateral color--1lst order
Radius of entrance pupil

Radius of exit pupil

Secondary light

Transverse
Transverse
Transverse
Transverse
Transverse
Transverse
Transverse
Transverse
Transverse
Transverse

Slope
Slope
Slope
Slope

angle
angle
angle
angle

secondary axial color--1lst order
sagittal blur--3rd order

sagittal blur--5th order

secondary lateral color--1st order
sagittal oblique spherical
secondary lateral color
spherical~-3rd order
spherical~-5th order
spherical~-7th order

primary lateral color

Tertiary light
Transverse tangential blur--3rd order
Transverse tangential oblique spherical
Distance from first surface to entrance pupil
Distance from last surface to exit pupil

of
of
of
of

axial
chief
axial
chief

ray at last surface

ray (full field) at last surface
ray at object

ray (full field) at object
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YEN
YEX
Y-IMAGE
YK

YO

Yl
Y1BAR

ABBREVIATIONS, ACRONYMS (Cont.)

Sagittal ray height at last surface

Sagittal ray height at object

Tangential height of ray at entrance pupil

Tangential height of ray at exit pupil

Tangential ray height at image

Tangential ray height at last surface

Tangential ray height at object

Tangential height of axial paraxial ray at first surface
Tangential height of chief paraxial ray at first surface




