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A.

OPTICAL DESIGN

INTRODUCT | ON

During the preliminary design stage of this investigation,

approximately twenty different types of lens configurations were

selected for the initial study effort. These lens systems were

typical representations of three basic categories of physical

arrangements:

1.

2.

3.

Catadioptric - Consisting of both refracting and reflect-
ing elgments
Reflecting - Consisting mainly of Firét surface reflect-.
ing elements

Refracting - Consisting totally of refractive lens elements

The method used for selecting the optimum solution contained five

essential criteria: : . .

Image Quality - The blur circle diameters must not exceed
0.150 mm across the field of view considering 80% of the
avallable energy.

Obscuration = The lens system should exhiBit a minimum
amount of energy losses due to physical obstructions within
the system.

Distortion - The target objective for the system should be

3 arc minutes, or less, anywhere in the image format.

. Collecting Area - The lens system should provide at least

18.3 cm? of collecting area for on-axis targets.

-]-
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5. Physical Restrictions:
a) System Envelope - The maximum dimensions of the
package should not exceed a cylindrical volume
of six inches diameter by six inches in length.
b) Weight - The design goal was given as five pounds

or less.

The following criteria were used as additional weighting para-
meters in selecting a tens configuration which would possess desir-
able attributes in terms of producing a suitable prototype model of

the theoretical solution:

l. Material Considerations - High ultra-vialet transmitting
glasses, of low cost, ready availability, and good working
chéracteristics would be needed.

2. System Sensitivity Factors - The final solution should poss?
ess relatively low insensitivity with respect to nominal op-
tical fabricafion tolerances and individual mechanical seat-
ing errors in the lens mount.

3. Ghost Image Locations - A suitable design would possess a min-

imum number of ghost images close to the final focal plane.

_As was reported on in the first preliminary report there were four-
teen individual lens designs that were brought to a point of semi-final
completion. From these, only cne solution exhibited outstanding perform-
ance characteristics in terms of the first five rating criteria. This

particular system was a six element refracting design, operating at a

-2 -
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relative aperture of /1.0 and possessing good image quality across
the entire image format. The iimiting_faﬁtor in this design select-
ion was the necessity_of using rather high index materials. Since
high refractive indekes usually indicates dense flint glasses of
comparatively low ultra-violet transmission, orlheavy lanthanum type
crown materials which are expensive, it was reaifzed ;hat this partic-

ular solution would require careful study to insure the best material

choices.

FINAL DESIGN PROCEDURES

_There were many factors governing the final selectiqn of appropr-
iate materials for this solution. Since the specifications require
high fransmission in the low ultra-violet specfral region, only those
glass types in the Schott catalog which gave values of 30% or greater, at
LOQ MM were considered useable. Theréfore, the initial effort consisted
of adjusting the nominal theoretibal solution to acc0mmOJate the exact
cata109.va]ues. Schott lists eighteen separate lanthanum type glasses.
Of these only six possess refractive indexes of 1.7, or greater: LaK-8
(713556), Lak-10 (720504), LakN-16 (734517), Lak-17 (788565), LakN-18
(729542) and LakN-19 (755531). The last two types are special order
items only and should be avoided for volume fabrication systems. LaK-17
contains thorium and is four times more expensive than more conventional
lanthanum glasses. Therefore, it was eliminated. LakKN-16 is twice as
expensive and not manufactured as frequént]y as other glasses in this
classification. Therefore, the final selection of LaK-8 was based on
its lower cost, desirable Abbe dispersion value of 53.83 and its slight-

ly better transmission value, over LaK-10, in the U-V region. ldentical
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procedures were followed in the selection of SF-1 and SF-19 for
suitable materials. There is a wider choice of heavy flint mat-
erials, however, so these two glass types could be choseﬁ quite
selectively in terms of how closely they matched the theoretical
glasses of the preliminary design solution. These flint materials,
of course, were less expensive than the lanthanum glasses by a factor
of about four times. However, there was no suitable low cost substi-

tute for the lanthanum type crowns and they had to be used.

Upon completion of suitable optical material selection, the pre-
liminary theoretical design values were then bounded so as to squeezé
the solution towards the actual catalog values of the seLected glass
types. The optimization program uses all the lens variables, such as:
lens rédii of curvaturé, element center thicknesses and air spéces.
Both damped least squares and ortho normal matrix inversion techniques
are dtilized in this optimization program to achieve rapid convergence

of the final design solution.

DETAILED TECHNICAL DISCUSSION

As the optimization cycles progressed it became quite obvious that
the image quality below 440 NM degraded very rapidly. This is quite
typical when correction over a rather broéd spectral range 1s attempted,
particularly at fast relative apertures. Therefore, as meﬁtidned in
the earlier report, this obstacle was anticipated. There are very few
optical materials which permit a lens system to be corrected down near
400 NM, especially when good quality is required in the red portion of

the spectrum. The exact transition point could not be predicted prec-

-4~
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isely since the tolerable blur circle diameter of 150 microns

is gquite modest and it was hoped that even at 420 to 430 NM, a -
satisfactory performénce level could be attained. The dominant influ-
ence affecting the cut-off point for the low end of the spectrum was
the fast operational speed of f/1.0. At this relative aperture, the
lens radii are quite short which,_in turn, produces higher order aber-
ration contributions. These surface contributions must then be bal-
anced by equally strong contributions of opposite sign, which produces

strong zonal characteristics,

The system was also severely restrained by the requirement on the
long back foﬁus value of 1.00 inch, Ordinarily, in such a fast system,
this working distance would be of tﬁe order of 10 to 20% maximum of
the equivalent fécal length, rather than the required 50%. As the de-
sign progressed then, there.was a continual strﬁgg]e to improve the
image quality across the field and yet maintain the desired 1.00 inch

distance,

A careful check was also maintained on the individual positive ele-
ment edge thicknesses and negative element center thicknesses. Both
these values had to be maximized to insure adequate ease in fabrication
and sufficient strength in mechanical mounting to assure long life under
operational conditions. The final lens prescription that evolved from .

this analysis is detailed in the Table | below:
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TABLE 1

LOW SCATTER LENS SYSTEM: CONSTRUCTION DETAILS

CLEAR

SURFACE RADI| OF VERTEX GLASS APERTURE
NUMBER CURVATURE SEPARATIONS MATERIALS RADI |
1 Entrance Pupil -2.7000 0.971
2 3.599 0.540 LaK-8 1.147
3 ‘ ~6.109 0.004 f 1.092
4 1.844 0.633 LakK-8 0.895
5 4,251 0.156 : 0.640
6 -2.061 0.250 SF-19  0.636
7 0.999 0179 - 0.553
8 Glare Stop G.070 | | 0.558%
9 -2.680 0.200 _ SF-1 - 0.557
10 1.995 0.002 : - 0.627
11 1.811 0.640 Lak-8 . 0.643
12 ~1.236 0.004 0.695
13 | 1.509 ' 0.380 ‘ ' Lak-8 0.624
14 21.849 1.004 0.557
15 Image Surface: - -
Flat
NOTE: In order to achieve high volume productive capacity, the lens

radii were constrained to equal 1,000 inch, or greater. This
factor did not exert an unduly severe restraint upon the

optical design.
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The performance characteristics for this final optimized
sclution are shown in Fig. 1, 2 and 3. These are conventional
ray intercept versus ray height in the entrance pupil plots, for
each of three field angles. . Fig. 1. is the informatiqn for the
on-axis analysis, Fig. 2. for half-way out in the field, and Fig.
3. shows the image quality at the extreme edge of the Fie]d.- in
each set of these plots, there are three separate representations.
The first, located at the top of the page and labeled SAG FAN Y,
shows the Ay, or comatic type errors, for the sagittal fan‘of energy.
The second plot, in the center of the page and labeled SAG FAN Z,
gives the AZ, or skew errors, for the sagittal fan. These two plots
are given only for the center to the edge of the pupil since the
negative side of the data will be a mirror image of the positive side
of the pupil aperture. The bottom plot provides the image errors for
the meridional or tangential, energy fan. The tota}l aperture, from a
relative height of +1.0 to a relative height of -1.0, must be shown here
since there is no inherent symmetry between the two halves of the pupil
aperture. The main vertical divisions are the image errors directly,
for any particular ray height in éhe entrance pupil, and are given in
010 mm steps. Three separate wavelengths are distinguished on each
plot, indicated by L (for low index), M (for mean index) and H (for
high index). In this instance, as mentioned previously, L = 0.55 mic-
rons, M - 0.4935 microns, and H = 0.45 microns.

An examination of Fig. 1. shows that essentially aT] the available
energy is within a blur circle of about 0.080 mm diameter. Similarly,

Fig. 2. which is for a position half-way out in the field, shows all

~7-
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the energy is concentrated within a 0.085 mm diameter blur
circle. Finally, Fig. 3., for the edge of the field, shows

about the same degree of correction.

All these curves show the effect of very strong zonal errors
which is quite typical of very fast optical systems. This necessity
for balancing very strong opposing aberrations is usually the limit-
ing factor in the level of image quality attained. For this case,
the burden upon the optical design was intensified due to the enhanc-
ed working distance requirement and the exfended spectral range cover-

age into the blue region.

FINAL PERFORMANCE ANALYSES

The performance characteristics of this lens system in a more
pictorial form in Plates #1! through # LVII. These plots give the
exact physical shape of the blur circle pattern for each waJe}ength
and each designated field angle. Seven discrete steps in the spectral
range extending from 0.400 microns to 0.600 microns are given at six
different field angles from 0.0 degrees out to 7.50 degrees, half-
angle. The representations for the low blue region éf.D.QO microns are

included even though the lens system could not be corrected this far

down into the blue region.

All the plots are initially scaled for one inch equals 0.005 mm.
However, if the energy plots exceed this value then the program auto-

matically scales the data to keep the total plot on the page. The

-8-
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new scale islprinted out at the.top left hand position on the

sheet. Plate |, for example, shows a scale factor of one inch
equals 0.034630 mm. This is for a wavelength of O.ﬂOO‘microns,

at a field angle of 0.0 degrees, as shown. In this plot 100% of the
available energy will be within 0.303 mm. Of course, the biur
circle diameter becomes substantially smaller, as a lower enérgy
.concentration is considered. For example, if 75% of the available

energy is considered, then the blur circle diameter becomes about

0.140 mm.
A total summary of all this data is given in Table Il below.
TABLE 11,
SPOT DIAGRAM ANALYSIS
BLUR CIRCLE DIAMETER, mm. 100% ENERGY
FIELD
ANGLE;SINE A 0.4 0.45 0.475 0.500 0.525 0.550 0.600
0.0000 0.000 0.303 0.126 0.088 0.066 0.058 0.062 6.063
0.026105 0.313 ©0.133 0.095 0.089 0.074 0.074 0.066
0.052210 0.332 0.150 0Q.1H 0.086 0.072 0.071 0.09]
©.078316 0.361 ©0.146 ©0.105 0.109 0.109 0.107 0.086
0.104427 0.351 0.153 0.132 0.112 0.099 0.093 0.i0]
0.130526 0.0348 0.217 0.175 0.149 0.138 0.105 0.106

The above results show that the system is well corrected over
the entire spectral range extending from 0.45 to 0.60 micrans, even
when considering the full 100% of the available energy. The perform-
ance at 0.40 microns is also within the allowed 0.150 mm. 1f about
80 to 90% of the available energy is considered. Therefore, in terms
of the minimum weight package, the best available solution of suitable

glass types, and considering reasonable restraints for manufacturing
_9_
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ease, the final solution represents an optimum compromise of all

the factors involved.

During the actual fabrication procedure for this lens system
"tiwere wWould be 3 so-called melt adaptation required. This process
is necessary bécause the actual refractive index of the manufactured
glass could differ slightly from the catalog values used for thé the-
oretical solution. In this melt adapting re~-vision an attempt would
also be made to extend the back focali qugth slightly to provide more
working distance between the last surface of the lens barrel and the
image plane. Even though this répresents a difficult parameter to
move, the performance of the lens is stii] comfortably within the
150 micron bilur circle diameter aliowance. Therefore, a slight in-

crease might be possible.

GENERAL CONCLUS { ONS

To a great extent the success or failure of this Tens system will
be largely dependent upon the reduction of the scattering effects, la-
tent in the lens system. These effects will be produced by a variety

of contributing factors as shown below:

1. Proximity of "ghost" image planes to the true focal
plane.
2. Size and quantity of foreign inclusions within the
glass volume, inctuding bubbles, striae, and inhomo-
. geneities, |
3. Presence of surface defects such as:

_.'[D...
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*Ref,

a. Sub-surface micro-fractures due to surface grind-
ing techniques |
b. Surface scratches and digs
c. Polishing sleeks on the surface
4. Non-uniform 0ptical coatings including sputters, stains,
and pin-hoies.

5. Surface dust particles and stains,

Under the first item above a detailed analysis was performed
to determine the location of all ghost images due to internally
reflected energy. Since the first set of energy reflecting pairs is
most critical it is important that the reflected imaée formed by the
first lens element is not located near the true image surface. As
shown in the attached computer output the gihcst image formed by the
combination 3, 2 is located at 10.02] inches from the last vertex.
This is well removed from the image plane and will not coﬁtri?ute
any spurious imagé signal to the detector. The next ghost image of
importance is formed by the pair 4, 3 and is located at 2.112 {nchés
from the last vertex. This distance also is well removed from the
true image surface. All other ghost images are considerably attenu-

ated due to mdltiple reflections and would not need to be considered.#

The remaining factors on the above list pertain directly to the
optical shop finishing technigu=s and to the perfection of the optical

coating processes. Since the methods of optical fabrication technology
Discussion on theoretical energy scattering - Dr. A. Quesada

_]]_
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represent especially advanced areas of skilled expertise by SORL
optical shop technicians, the actual optical fabrication should
present no unusual problem. SORL has achieved considerable.suc-
cess and background knowledge with the production of low scatter
surfaces for the laser fusion industry using hiéh energy lasers.
However, the quality control of the coatings will demand painstak-
ing attention. Inspection equipment must be designed to mon i tor
the surfaces after coating and those which do not meet specifica-

tions imposed must be rejected and re-done.
The lens system, finally, must be assembled in a true, clean
room environment where the atmosphere is micro-filtered to remove

all contaminating dust particles. SORL does maintain an eiectronic-

ally filtered clean room for such assembly purposes.

-12-

SPACE OPTICS RESEARCH LABS.



B, SCATTERING ANALYSIS

| Introduction

Techniques to estimate the fraction of light 5catterfng
from very rough surfaces have been known for several decades
(1). They are based on mathematical models that assume the
phenomenon to be capable of description within the sfope of
geometrical optics, by combining statistical methods with

estimates of the path differences of luminous rays that have

been operated on by the irregularities of the rough surface.
The experimental evidence that wés available showed that,
although consideration of the magnitude and number of
irregularities led to a qualitatively acceptable interpre-
tation of tHe scattering phenomenon, quantitative predic-
tions were incorrect, particularly when the spatial distrik-
ution of scattered energy was desired. The need for closer
agreement between theory and experiment led the early
investigators to the conclusion that a theory from which
acceptable duantitative estimates could be deribed required
that diffraction effects be taken into account. This
requfrement becomes mandatory-when surface or refracfive
defects become very small and/or are few in number. Attempts
to develop diffraction oriented theories have not been very
numerous. To ocur knowledge, the earliest one is due to A,
Marechal (2} who treated the problem in the light of the
theoretical framework of Fourier methods described in detail:
by Duffieux (3). In the present work we shall extend some

of the techniques introduced by Marechal to include explicitely
the effects of off-axis geometry and to take into account

the effects of microscopic inhomogeneities in refractive

-]3_ .
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.elements. In agreement with references (2, 4, and 5},.

we shall be concerned primarily with optical surfaces of good
quality, whose irregularities are small enocugh to make all
deformations imposed upon a wave front small in comparison
to the wave length. The results to be presented are of

two types. We shall obgain expressions for total integrated
energies and, later, we shall develop the expressions. for the
corresponding energy distributions. Detailed derivations

of equations that are not directly concerned with the
evaluation of those energy expressions will be relegated to
appendices. Whenever it seems appropriate, we have applied
the equations to the numegical evaluation of scattered
energy ratios for conditions that may arise in practice,

or for the establishment of order of magnitude estimates
that can serve as guidlines to determine whether detailed
computer evaluation of multiple integrals are necessary

to improve precision to a satisfactory degree. The appli-~
cability of Fourier methods is a consequence of simpli-
fying assumptions regarding the geometry of a system. When
the conditions that allow the simplification are not met, it
becomes necessary.to use a ﬁore general formulation in which
the diffraction integrals have to be evaluated either
numerically, on high speed computers, or asympiotically,

by means of methods such as Laplace's, Kelvin's, or Debye's.
The particular choice is pr?mariiy dependent on the limits

that appear on the integrals to be evaluated.

1i-
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The next two sections are devoted to the development of the
theory on the basis of Fourier methods. The extensions to

the more general formulation is, in most cases, immediate.

-15-
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1| The total energy diffracted

Suppose we have a refractive surface S, approximateiy
flat, that creates small irregular deformations on the
wave front. To compute the total energy diffracted, we shall
imagine that a lens L is placed as in the following figure
to transform the quasi-plane wave front into a nearly
spherical front Eﬂ having the same irreqularities. To
calculate the distribution of amplitudes at a point P (x, y)
of the focal plane of the lens, we shall use on the wave front
the angular coordinates &(j/? ), the angles that the
direction of the line joining the origin with the point on
the wave front makes with the planes KOJ and th'f(L
The use of the angular coordinates simplifies the exponent
of the phase function that appears in the diffraction
integrals. Further simplification to transform the
integrals into Fourier integrals requires that certain
conditions be satisfied by the coordinates of the obser-
vaticon point on the focal plane or near the focal plane
of L. These are discussed in appendix 2. We know that
under the conditions that altlow writing the integrals as
Fourier integrals (6) it is possible to express the ampli-
tude of the electric field E (x, y) at the point P {x, ¥)
by Huygens' principle, according to which if F @iqu) is the
amplitude distribution on a sphere centered at 0, then

-16-
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(1)
where R is the radius of the reference sphere and k = 2'TT/CQ.
If the wave front is deformed by an amount & with respect
to the reference sphere the amplitude on the sphere is of the
form EoeikA, where EO is a constant over the wave front. |f
we now postulate that A is small in comparison to ;[ ,
we can write

.ﬁﬁhﬂ,m ﬂqédhA

_rm

(2)

We can choose the radius of the reference sphare-in such a
way that the mean value of & vanishes (A = 0)., in these
circumstances, the amplitude distribution over the aperture
is the sum of two terms: a) a uniform amplitude F] = EO

and b) a fluctuating amplitude of mean value zero F, (cﬂf /3 ) =
ke o (A, B ).

Consequently, the resultant field E (x, y) is the sum of

two terms. The field E1 is the field diffracted by the

aperture utilized. It is very small, except near the
geometrical image of the source, within a domain whose area
varies inversely as the area of the aperture. We shall be more

interested in the field E,, whose amplitude generally

2’
_]7_
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“decreases far more slowly. The defects represented by the

function F, are, in general, small in extent by comparison

2
with the extent of the aperture. Consequently, they

diffract light into an area far-more extensive than the

area over which E] has appreciable magnitude. To compute

the energy diffracted, we must introduce a more precise
definition. We shall adopt, with Marechal, a definition based
on the integral of the flux due to the amplitude Ez. Using

Parseval's theorem, which expresses energy conservation, we

can write this energy as proportional to

R

1
iy %,

7 - P
- - “ ! e - oy :“'% | g o
WE G| deos = R |5 | deds

-

which, in view of the definitien of F Is equivalent to
' 2

v
{

1‘ ; ' : -
E A d o ’a...’!(“:,

, (4)

This integral is recognized as the mean square value of

A. It is convenient to introduce the relative energy

scattered, by division of the above expression by the total

energy, which equals EOZR2 /{) giaﬁ§f3 . Then,
-18~
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=, (5)

)
3 = (

Thus, the energy scattered over the image p]ane, expressed

as a fraction of the total energy, is proporticnal to the mean
square value of the optical path-~length error A. We may
recall that a similar result is obtained in connection with
the loss of illumination at the center of a diffraction
pattern when small aberrations are introduced. |t is known
that in this case, the relative loss of illumination is |
precisely equal to k2 -% and that the energy taken away

from the central spot is distributed over the focal plane.

_]9_.
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i1l  Computation of /A for a scratch, a bubbie, and micro-
scopic irregularities,

Let us apply Eq. (5) to an irregularity in the shape
of an ellipse. Limiting cases are clearly a narrow straight
groove that can simulate a scratch and a crater-like depression
that may be representative of a flaw in an anti-reflection
coating. In line with the discussion of section 2. 1, the
dimensions of the ellipse are small in comparison to the
effective area of the domain of integration. From appendix

I, we have the A values

[y
It

2ne wsi for a reflector, and

A {(cosr - ncosi} & for a refractive

surface. Since the dimensions are small, the angles | and r
are essentially constant. Alsb, strictly speaking, to
satisfy the condition & = 0, we should modify the defini-
tions of A above., However, since the area, A, of the %rregu-
larity is such that A<<Z, where 2 is the area of the
aperture, the correction to £ is of order A/Z and, there-

fore, entirely negligible. We then have

— : Af (ETfjgé\\Ae\
A= J Ndedp = YA dra ot
o , d <A
a/ﬁ '
= yat(as) | TTAE
72\

s ‘;?3‘_‘ Cl/"ﬁ

2,

= 4"y, (A

-20-
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' Hence, P _ 277 (v‘l\‘"-‘B (ﬂ(/,;_, {r:-:\ ‘e ( :::.-3‘) “@

Lo
—— —

where 2 is the solid angle subtended by the aperture at tne

focal point. This equation can be modified to read

AT i e R s SR

2= srab A (1?{__)2‘

N A A

where a.and b are the semi-axes of the elliptical irregularity
and A is the effective area of the aperture. For a refrac-

tive surface, for example, we have in the worst possible case

A= {1-n) e

Therefore,

..
L ' - ' LR ',.‘,‘T:." -
Pa sele) Lt diesylil s
e e T ST P ?\

A

For an axi-symmetric system whose effective aperture is

defined by an f-number we can write

e B o e et e S

(4= roier) A

pa St (anm shireln ) g

In other words, the fraction of the energy scattered is

proportional to the area of the irregularity, to the square

-21-
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of the depth of the irregularity measured in wave lengths
and inversely proportional to the effective area of the
aperture. For a bubble of radius a inbedded in a refrac-

tive surface, we have approximately,

A= f,L(V‘w ‘) AL L RS

and

Finally, for microscopic irregularities, let us consider

a very simple model in which they are distributed in such

a way as to cause a random error in the mean position of
the wave front, for which the probability of finding a
value of ¢ between € and £ & de is given by the expression
E
de C: €4

2 (ﬁ an)™

where t represents the thickness of the refiractive element
and An is a representative value of the /index fluctuation
in the medium. Taking the ensembie average, we find that

with N the average number of volume elements with distinct

values of the index encountered by a luminous ray.

-22-
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,A =
S (g an) 7

Po< (iﬁﬂ)z

NN A

Since An can be as small as 10—6, the energy loss from this

\\

>
"

I

source of irregularities is generally very small, as N is of

the order of 1000/cm.

_23_
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1y Distribution of Intensities.

To characterize the intensity distribution, . .we must

construct the function
.
Doy = |ECH)
(6)

The function E2 {x, v), by virtue Qf Huygens' principle can

be expressed as a Fourier transform of the function F2 (V(,%9).
Since, in gengral, the function F2 (&(/,fg ) is random, it

may appear that we can only calculate the mean value of its
square. This, however, is not the case. [t is possible to
calculate the energy distribution because this energy distrib-
ution i{s the Fourier transform of the correlation function

of FZ' Recall that

i)
fﬂ (o( 1{;:5) C cimg,éf}i

Y (7)

(R

The energy distribution is sz(x, y)|2, a function whose
Fourier transform may be found by means of the correlation
function, that is, its own Fcurier transform. The deri-
vation is straight-forward and may be found, for example,
in reference (7). The result can be stated as follows:

=24~
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If G (% ; ? ) is the two-dimensional Fourier trans-
y

form of g (x, y}, then

and similarly,

where the script F stand for 'the Fourier transform of."
Let us apply Eq. (8b) to E, (x, y), identifying gE,,

and denoting the resultant transform d ﬁ ; 7 Y. Ve

nave | |
49 =R f) RTINS ARTRE
’ (9)
Or, . |
A (6,':\'11_.1_;\, - K ﬁ* J A (gz\:‘ﬁ} /\ (a ko 298 )&"‘dﬂ

Note that in Egq. (9), we have introduced the non-dimen-

sional displacements ~3!7 and /!f . This is necessary
,\

to preserve the dimensional homogeneity of the arguments of
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the functions a4 (d, 8) and 4 (d #d', g48'). It is
sometimes convenient to write the correlation integral in

the form

I 4 Alwrss i m QLT HEP)

(10)

where s is the solid angle subtended by the aperture and

¢ (d', B') is a normalized correlation function

b
ol A (=)

d (9,2)

Using Eq. (10) esfablishes a direct link between the energy
distribution, its Fourier transform, and the mean square
value of the path length errors that we calculated in
section 2.1. Eq. (10) indicates that if a defect covers

an appreciable portion of the aperture (for example, an
errorrof figure)} the correlation function decreases slowly.
In the case the functions A (d, ®) and & (d4d', B fs")
are nearly identical and the integral of the product is
approximately equal to.ﬂ_ﬁg If, on the other hand, & &d,b)
varies rapidly, the two functions contribute to the integral
only over a limited range of displacements. In either case,
the energy distribution, IEZ {x, y)]2 is obtained by inversion

of the transform, Eq. 0} That is,

(1
Ve - K o "_i .
- f__f_’_: \7‘\ ,{ ‘*i ﬁ i !_..
D(xaa ) J ¢ Wi e

# | (1)
_26_

SPACE OPTICS RESEARCH LLABS.



WA Aoa .
or equivalently, r\g " . 1?1; - ‘ ‘q;ﬁu‘(x%(f.j.?]>
S AU Y S O N N LF(Q ﬂ) £ i

[_/ [ﬁ)\j L} e e et ot s e s s a1y 3 S ; { )

[or £ 51
TR W RN i WA
=R B(L
<% A A
A\
(12)
' R JI . .
where (vii ri ) denotes the double integral inverse
transform.

This expression suggests a simple way of measuring the
energy distribution. Suppose we can determine tne mean
square value of ﬂ.and can measure the ratio of the flux
D {x, y) to the total flux (=R2 Q EDZ) at giver locations,
but as functions of the wave length. Suppose that
subsequently we construct the curve representing {%jﬁéﬁﬁ}f;ig}{
[}(x, y) as a function of x/A and y/A. According to Eq. (12),

this curve represents the product E%@; Since 2% is a very
. - . .:-_.‘2-

weak function of the wave length, upon division by A

and subjecting the function i?to the condition that its

Fourier transform is ejual to unity whene{=p=0, there

results the function Q’( ﬂjjj 2\)‘ The spatial energy

distribution for a given wave length follows immediately

by a simple change of variable. To avoid interference from

the intense direct images, the experiment should be conducted

with a black hole tc eliminate the contribution from the
direct images. The construction of such a device is des-

cribed in reference (8).
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‘The decrease in illumination is again a Gaussian function.
Again, these examples show that large scale defects, such as
figure errors, lead to large values of w and, consequently,
energy distributions that fall off rapidly. On the contrary,
when the defects are smail, the correlation has short range
and the diffracted light is spread out widely over the

- focal plane.
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V Examples of Energy Distribution.

Let us consider the case of an irreqularity of rectan=-
gular shape, of dimensions w and %, simulating a small
scratch., In this simple case, the normalized correlation

function is

\72'.)(!;_;%': Lz ;:’._\t ( l.f)- - I . . ,& ~fee ] /r,'\/ e “"j" l,f/’j/‘n E

and, therefore,

As a second example, let us consider an autocorrelation
function of Gaussian character. We might expect such a
correlation function to describe the wave front distor-
tions introduced by microscopic inhomogeneities. Let,

o,
then, , o St

4 .
L(.z".‘ . (L _ Y] 2

where w [s a parameter that fixes the scale of correlation
and, in general, can be interpreted as indicating that the

irregularities of the wave front are seen from the origin 0

. . f - s
as subtending an angle of order w. The functlonjér(?ﬂf 7 )
L . L ST ere )

"t - 1o sy, 3 — T -
is in this case (Z:( j,j . > = LW P ( \
TN AT
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VI SUMMARY OF SCATTERING ANALYSIS

The theory that was developed to gey] with levels and
spatial distribution of scattered light can be applied with
little modification to define limits on the number and extent
of scattering centers that may be tolerated in the tracker optics.
It is important to bear in mind that a theoretical study can very
effectively provide tolerance criteria to be met by the optical
designer, rather than predict in detail how a system will perform.
The latter requires that a system already in existence be examined
to determine the type, magnitude and distribution of bulk and sur-
face defects in each component. If this is known then the theory
can predict how much light will be scattered and how will the energy
be distributed. Theoretical considerations are also useful in in-
terpreting the results of scatter measurements on a system being
tested. This is particularly true of the stretch correlation, that

provides outputs that are invariant under changes of scale.

When the theory is applied to determine tolerances it becomes
apparent that the most critical parts of the system are the front
eléments. This is because the intensity of the scattered light reach-
ing the image plane is proportional to the flux incident on the irreg-
ularities responsible for diffracting the light and introducing dis-
tortion of the wavefront. The effect of the irregularity itseif, as
far as diffractipn effects are concerned, is the same regardless of
vihere that irregularity is located. It leads to distortions of the
wavefront character:s%ic of the type and dimensions of the irregularity.
A small bubble, for example, that diffracts 1/10 of 1% of the light
may be tolerated in an inner element shielded by geometry from direct

sun light at all angles of interest. The same bubble would totally
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destroy the system performance if present in the front element
under conditions that allow exposure to direct sun light. In

this case, even the fact that the distribution of scattered

light will in general be oriented at some angle with respect

to the axis of the system would not be sufficient to compensate
for the direct effect of incident flux. The incident flux is gen-
erally strong enough to cause an intolerable loss of contrast in
spite of the small fraction of side scattered light that reaches

the image plane.

When the equations were specialized to account for effects of
small bubbles it was found that the front elements have to be ess-
entially bubble free. Although the equations were used to define
some limiting upper size for a bubble, they may be interpreted also
as indicators of how many smaller bubbles can be allowed, The trade-
off is not immediate because it must be recalled that even though a
small bubble is responsible for a small distortion of the wavefront,
the light that it scatters in the forward direction is spread over a
much wider solid angle that would be the case if the size of the
bubble is allowed to increase. Reference to the table on page 714
is necessary to estimate how the angular factors are to be changed

when the bubble size s decreased.

A similar argument can be used to estimate the effects of sur-
face defects. |If the equations applicable to a scratch are used, we
find that in the worst case no scratch of depth of order of the wave-
length and Tonger than a few millimeters can be tolerated for the front

surface or any surface that may be illuminated directly by the sun.
...3]..
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The worst case corresponds to a scratch oriented in a direction

that will cause maximum spread of the diffracted light. It is im-
portant to remember that the quality of the surface finish or the
quality of a coating can be evaluated in a variety of ways. For

the small defects that we have considered electron microscopy,

phase microscopy, dark field light microscopy and ellipsometry

are sultable. For larger surface areas phase contrast and knife
edge tests can be used. The measurements by any of these techni-
ques can be used as inputs to the formulation that has been devel-
oped, to confirm that irregularities have been kept below the limits

needed to meet performance specifications.

From the literature references, these are 4 main points which
require special attention in terms of securing low scattering in

lens systems. They are:

1. For a multiple lens element system the effect of
flare is less at higher relative apertures than
lower apertures.

2. For extended self-luminous objects, such as the
horizon, the magnitude of the flare is propor-
tional to the number of air-glass interfaces and
not determined by the relative aperture.

3. In designing lens‘Systems for low scatter applica-
tions, -ghost reflected images adjacent to the image
plane must be scrupulously avoided.

4. Good optical coatings do reduce the absolute magni -
tude of scattered energy, but porous films will

slightly increase the amount of scattered energy.
_32_

SFACE OPTICS RESEARCH LABS.



V1| EFFECT OF BUBBLE IN FRONT ELEMENT, DIRECTLY ILLUMINATED BY SUN

Eg's. (3) and (6) of Part | can be used to determine the
effect of a small bubble in the front element of the proposed
systems, when [lluminated by direct sunlight falling on that
element at an angle beyond the field of view. Several simpii-
fying assumptions will be introduced, but in every case the sim-
plification will be chosen in such a way as to produce 'worst'
effects. This way we obtain criteria that, if met, will insure

proper performance of the system.

Since the correlation function will in every case be analo-
gous to the first example in section 3.2, the worst case can be
approximated by distributing the total energy evaluated from eg.
(3) over solid angles bounded by annular areas of radii equal to

the distances corresponding to consecutive zeros of the functtion

TY W
sin A R . We shall identify w with the radius of
the bubble. 1t is convenient to express the argument of this func-

tion In terms of angular guantities measured from the direction of

the incident light. The zeros, then, occur at angles Bn such that,

m—— tan Gn =nr n=1, 2, 3,
. o
or tan Bn = (1)
Values of en forn=1, 2, 3, 4 are given in the following table
for a large range of values of ? .
_33_
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TABLE 111,

o/ %) ) % %
0.1 84.3° 87.1° 88.1° 88.6°
0.5 - 63.4 76 80.5 82.9
1.0 45 63.4 71.6 76
1.5 33.7 53.1 63.4 69
2.0 26.6 45 56.3 63.4
3.0 18.4 33.7 by 53.1
5.0 11.3 21.8 31 38.7
10.0 £.71 11.3 16.7 21.8
20.0 2.9 5.71 8.5 11.3
50.0 1.15 2.29 3.43 5.7
100.0 0.57 1.15 1.71 2.29
200.0 0.29 0.57 .86 1.15

The normalized peaks of energy density within each one of the areas
bounded by zeros are 1, 0.047, 0.0034 and 0.0024, respectively.

From eg. (3), we find that the total energy scattered by the
bubble is,

3 2,22 —
Eg = C RKTE] { 2%)

where EO is the amplitude of the E-field and CEO2 can be taken as the

energy density of the incident light.

Now, according to eg. (3) and the table shown before, the smaller
bubbles scatter iittle light, but the scattering is over a very wide

angle. ©&n the other hand, the large bubbles scatter far more energy,

{(large 32) but that energy is concentrated in the forward direction
and relatively little is deflected to the sides. For example, when
the bubble size is of the order of 10A, the first zone extends to
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less than 6° from the direction of incidence. Letting f be the

attenuation factor due to angular effects we can then write:

- Energy density of scattered light in direction of n-th maximum
Energy density of incident Tight

2
6 2 n
16m —o A 2 f < E
X 2

R

Q
/6 R 1/3

or w < E 0 (3)
A 16 7t A {n-1

The Tight that is scattered is allowed to pass through other
elements of the system. When the angle of scattering is such that the
fraction f reaches the focal plane, a further weakening of intensity

takes place because the front element in general will not be in focus.

The decrease in intensity can be estimated when the position of
the image plane for the bubble is known. The proklem is similar to
that encountered when one computes the flare of a system due to second-
ary reflections of azir-glass interfaces. |In this case, it is known®
that the amount of flare light is proportional to the square of the f/

number of the system and is inversely proportional to the (distance)2

%See, for example, Kuwabara, G., J. 0. S. A., 43, 53 (1953).
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of the secondary image from the focal plane. The latter effect
is more serious and in designing an optical system it is desir-
able to avoid any pair of reflecting surfaces which produce a
reflection image in the vicinity of the image plane. For the
b-element system, based on the figures obtained for the position
of secondary image planes at normal incidence, we estimate that
the reduction is of the order of 10, In general, we can call

this factor f] and write instead of eg. (3)

1/6 R 1/3
w < E o]
A 167 ff] A in-1
If A= .5 x 07" cm, =1.5, R =3 cm, E = 10_5,

—
il
o
o
o
-
—
Ii
o

This means that bubbles in the first 2 elements must be essen-
tially absent. The last condition may be relaxed somewhat, by re-
calling that the derivation of eg's. (3) and (6) required the wave-
front distortion to be small. For bubbles 10 A this is not strictly
true and a more geometrical approach indicates that most of the scat-
tering is forward, with edge effects superimposed on it, and amounting
to a fraction proportional to some effective volume of the edge as com-

pared with the entire bubble.

Equally important is the problem associated with anti~reflection
coatings for the first 2 elements. Coatings are effective in reducing
the flare caused by reflected light, but one must be very careful to
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have coatings very homogeneous. Porous films enhance slightly
the scattered light and tend to reduce contrast in the vicinity

of a bright image.
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Vill COMPARISON OF 6-ELENENT AND 4~ELEMENT DESIGNS

5

Sinée a fractional rejection level of 1077 will
attennate sunlight to the eguivalent of a uniform back-
ground brightness of 0.1 foot-lambert, we shall examine
the expected performance of the systems in terms of fractional
rejection levels. The same criterion will be used for
other sources such as the full moon o.r the earth's sun-
lit horizon. For conversion, it is convenient to use the
fact that a star of visual magnitude 0, corresponds to
ilTumination outside the earth's atmosphere of 2.65 x IO-ID
lumens/cmz. Thus, the full moon, with an equivalent
visual magnitude of -12.70, leads to an illumination of
3.2 x 107 5 Iumené/cmz. The effect of the full moon, as
far as incident flux on irregularities is concerned, is
then nearly 300,000 weaker,.®¥
The computations that follow were carried out under the
'assumption that glasses will be specified, at least for
the first two elements of each system, which will have:
a) Homogeneity: H2, that is, An =+ § x 10_6
b) Bubble Group 0, that is, total bubble cross-
section in mm2/100cc volume of glass be-
tween 0 and 4.029. For the calculation,
we require selection of the glass toc have no

bubble >"60u and it will be assumed that

smaller bubbles that may be present will have

**%Allen, C, W., Astrophysical Quantities, U. of London,
Athlone Press (1963) (pg. 145).
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a maximum cross section of 0.015 mmZ/IOOcc with a mean
size approximately 20A.

The volumes of the first two elements for the two
systems were estimated to be 30cc and 27cc for the 6~
element system and 9.1 and 7.2cc for the 4-element system,

For these circumstances, we can apply the equations
developed in Part | of the theoretical analysis and
construct Table | for the cases where the sources are
outside the field of view.

These levels are comparable to the total values measured
for good coronograph lenses where (for those lenses not |imited
by florescence) the fraction of solar light scattering was
between 1,2 x 10_6 and 5.7 x 10-6 (See Newkirk and Bohlin,
App. Optics, 2, 131, 1963).

For the case of the full moon within the field of
view, we have similar results. The most serious effect
is due to the small angular deviations that we must now
consider and the possibility of involving all elements of
the system.

Since, however, the incident flux due to the full
moon is some 300,000 weaker, in spite of the requirement
for the equivalent background brightness to be 0,05

foot-lambert, the changes in the factors shown in Table ||

5

as compared with Table | are well within the 107 factor
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"that the weaker source and equivélent background allow.
Thus, either system will satisfy this specification.
Again, we emphasize that the figures represent worst cases.:

A similar analysis for the case of the earth's sunlit
horizon within the field of view shows that the specifica-
tion can be met at angles of about 39-away from the edge of
the horizon image. At closer angles, the presence of
bubbles in the size range 20X to 50% may lead to areas
where the specification is violated.

Ray tracing was used (o determine the location of
secondary image planes and to estimate the effects of the
secondary images as sources of unwanted stray light.
Assuming the reflectivity of air-glass interfaces to be of
the order of 1%, we can summarize the results in Table [11.

When the full moon is within the field of view spurious,
images may be formed with illuminations in the image plane

7

as bright as 6.4 ¢ 10_8 lumens/cm2 and 1.6 ¢ 10 lumens/cm2
(for 6-element and L-element systems, respectively).

A fourth magnitude star having its energy distrib-
uted within 1Zarc minutes square field of view corresponds

to an iflumination of 2 x 10-6 iumens/cm2 for the 6-element

system and .8 x 10_7 lumens/cm2 for the 4-element system.

—40-

PRECEDING PAGE BLANK NOT FILMED

b

SPACE OPTICS RESEARCH LABS,



We, therefore, have signhal to noise ration of

For the b-element system:

S/N = 2 x 10

For the L-element system:

L 8 x 10_7

S/N = 1/2

1.6 x 1077

which shows the 6-element system as a more promising

system in this respect also.
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'SHYTT HOYVYIS3IY SO{14d0 30VdS

TABLE |

HAXIHMUM FRACTION OF INCIDENT INTENSITY SCATTERED

l " DUE TO DUE T0 BULK DUE 70 SURFACE

SYSTEM ANGLE BUBBLES INHOMOGENE I TIES DEFECTS#* (PER DEFECT)
6-Flement 309 1.6 x ]0“6 3 x 10”7 ]0_6

162 4 x 1078 7.5 x 107/ 107°

|
0 e, 176 -7 | -6

bl enent 30 5 % 10 1.5 x 10 i10

162 1.2 x 1077 4 % 107/ 1o~®

| |

% EACH DEFECT EQUIVALENT TC A MICROSCRATCH OF DEPTH A,
WIDTH = 1 MICRON AND LENGTH = 1000 MICRONS IN WORST

POSSIBLE ORIENTATION ({.e. ANGULAR FACTOR = 1}.
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MAXTHUM FRACTION OF

TABLE ||

INCIDENT INTENSITY SCATTERED

DUE TO DUE TG BULK DUE TO SURFACE
SYSTEM BUBBLES ' INHOMOGENEITIES DEFECTS (PER DEFECT)
{
|
6-Element 6 x 1073 153 X ]D-Ll ]0"6
h-Element | 10_2 l 10-“ 10_6
TASLE 111
SPURIOUS IMAGE REJECTION
‘ ~( 0
SYSTEM AT b= AT 30- AXI1ALLY
|
l Rays do not Rays do not < 2 x 10_3
'6-Element reach image reach image for reflections due
‘ plane plane to Ist two elements
4-Element <1073 <1073 <5 x 1073
for reflections due
to Ist two elements
“hh -
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C.

Fabrication Details

LI

General Fabrication Summary

The complete specifications covering the optical
fabrication tolerances are itemized in Table |. Most
of these values are rather modest and easily held.
However, some of the tolerances pertaining to
individual element wedge, and lems centering error,
are severe and must be carefully controlled. There is
also one air space tolerance value which may require
special assembly adjustment in order to obtain peak

theoretical performance.

Glass Material Selection

The particular glass materials chosen for this design were
dictated by the design requirements discussed in the
previous sections. However, the quality is determined

by specifying ''Schlieren Grade', PH4 with Special

Bubble Selection. This insures that the variation in

inhemogeneity will be of the order of ¥ 1 x 10—6 with-
in each blank, stress birefringence=§ 3-4% nm/cm and
maximum inclusions (i.e. bubbles) of U - .02Y cross

section per 100 cc.

Distortion Characteristics

The general distortion characteristics of the lens

system are summarized in Table |l., These values were
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obtained directly from the computer print-out of spot
diagrams giving the image centroid heights. The tolerance
v- alue of 3arc minutes for distortion was then converted
directly into the allowed linear displacement value

of 0.044mm. Then, the calculation of the residual
distortion in the lens system was derived directly from

the value in the table.

Transmission Characteristics

Table Il shows the given catalog values of nominal
internal transmittance values for the selected glass
types. These glasses all show high values of trans-
mittance at 400 nm, which is prémarily why they were
chosen. A sampling of various firms specializing in
optical coatings also indicate that the nominal value

of 0.5% represents the lowest reflectivity value to be
expected over the range from 0.40 to 0.62 microns.

These coatings will satisfy MIL-C-675 specifications for

abrasive resistance and weathering characteristics.

Mechanical Considerations -

The cell will be made of a stainiess steel which most
nearly matches the glasses with regards to the thermal

co-efficient of expansion. The elements will be edge

"shimmed at assembly for zero clearance. A window, for

protection of the optical elements, is provided at the
front of the cell and is removabie by means of one
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retaining ring. .
The lens will incorporate a lockable focussing arrange-
ment providing 2Zmm of motion on each side of best focus.
The focus housing will engage the 2,118-48 thread and

a shoulder will bottom on the system face. The lens

cell is piloted in the focus housing on two lands and
moves axially by means of a 12 pitch thread. Locking is
accomplished by a set screw.

Light baffling will be accomplished by providing all
retainers and spacers with deep grooves such that light
entering the grooves cannot continue downstream except
after two or more reflections. All retainers and spacers

will be surface treated for minimum reflectivity with

minimum specular component.
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SURFACE

SURFACE LR F1GURE
14 2 =0.014 . 504
3 0,012 .50
2{4 +0.003 .33
5 $0.015 .33
316 £0,004 L2654
7 +0.,001 .25x

-5 -

4ig +,012 L25A
1C £,002 .25
5{ +.002 L25)
12 %.001 .33
6{13 +.005 LG50
14 +.246 .50

Note: All glasses must be Schlieren
Special Bubble Selector.

*MAY REQUIRE ASSEMBLY ADJUSTMENT

TABLE |

TABLE OF TOLERANCES

(ELEMENT CT)} AIR SPACE _ ELEMENT TILT
Ad Ag AN WEDGE LENS SEAT

£, 0040 - £0,0016 0.0012" o.¢o11"
£0.0014

£.0011 30,0008 0.0004" 0.0004"
+0,0013

+,00168 ' +0,0011 0.0002" ¢.0o003"
+0.0012
+0.0012

+,0014 £,0020  0.0004" 0.0002"
+0.0006%

+.0017 £,0006  Q.pog2" Q.0a03"
£0,003]

=, 004 +.0016  0.0005" 0.0007"

Grade, PHY4 quality with
General Surface Finish:

Target
Element | and |1 /G 5
Elements I1Il, IV, V
Vi 575 1u/5

-48-

Required

ELEMENT

DECENTER

0.0a10¢
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FIELD ANGLE
(Radius)

0.000
0.026105
0.05221
0.078315
0.104420

0.130525

Tolerance Value

TABLE |1

DESTORTION VALUES

GAUSSITAN HEIGHT
{mm)

0.0000
1.3057
2,614
3.9278
5.2497
6.5826

3.0 min.

IMAGE CENTROID
(Fm)

0.000
1.2992
2.6043

3.9128

5,2268

6.5558

DISTORTION*
{(min)

a.00
0.4k
0.67
1.02
}.56
1.83
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TABLE |11

TRANSMISSION & REFLECTION LOSSES: 400 NM

MATERIAL INTERNAL TRANSMITTANCE
LAK-§ 0.988 0.940
SF-19 0.985 0.920
SF-1 0.980 0.890

Reflection losses for 12 air-glass interfaces, assuming a very
realistic coating value loss of 0.5%, will amount to 5.8%.

The total absorbtion losses will be, nominally, less than

15.1%. Therefore, the average transmittance of the system

will be about 79.1%. This value is somewhat pessimistic

since the absorbtion values are given for plane parallel p]afes
of glass and the lens elements are much thinner at the edges.

The coatings will be broad band coatings, peaked for Q,DOOR.

The target value of 70% than appears to be definitely a practical

working value,

-50-

SPACE OPTICS RESEARCH LABS.



APPENDICES

Appendix 1. Calculation of QOptical Path Errors Due to
Surface Defeets.

Consider first a refracting surface separating two
media of indices n, and n,- If a defect of depth e is
present, the difference in optical path for the ray that is

refracted at | and the ray that would have been refracted

at |I' if the defect were absent is, from the fiigure,
e !
A & o
- g . — -~
. A ' .
- J ir - - S e
1 M "kf N ~
Fooe it N
e L4
//:li - J":,_L T I“ /—Ijﬂ
; C—‘.’.«',L\
IP"*J. /:' = ,I;':'-"__ ‘f\-?,: .
e "
[ ¢ f.:?“/
(/"Eg’ - '(Jp {\ f»".::‘“f”\.LIj} + F"JQ (IfJ“IlF;\ (a ])
T ot | Ceh oy
Let Lj Lo = 1, Lffil \ o Fia [\i L. »?(, ’/
theﬂ, -—~—‘;1! —_
= -7
. —y
—'T s,
l'.‘_ f}k‘: - 1_)}m —‘; *N
e g o :—--;i :)\
..L F-\- : {" ‘.'r'"’ L] ‘{‘J
; > r (a.2)
/vﬁ GD - 1“;{&".)' N .

where N Is the unit normal to the surface in the absence of

defects. Substituting Eqs. (a.2) into Eq. (a.l) leads to
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—_23 -~ ] @ —_ -~
: WOt e | /‘T_/“/\‘/ ;_L JC/,
i ’ L ‘_{ 1 —
/ by (cJ-« b+ n, L
\ AN j ) \ l P;g,/{ """:»? 3

(a.3)

Since & is assumed to be very small, &

——

- e o e e § " d e
LE-~TCa-~[Fi~FI']JI

Hence,

[t
o
i
Y -
*
; a4
™

} [, = - (P‘e! Nt

The law of refraction in vector form reads,
n,b = n, i = (n2 cosi_-@cosi)ﬂ

(a.h)

Therefore, we can write

A .Y
Jy. = (nyeme o, caBJ AT

~ ‘\--1
But N ‘C£E = e, The deformation of the wave front is

Consequently,

cosr) &

A= (n] cosi - n, is

{a.5)
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For a reflecting system, we have

Ii /‘\T ;...;, o : iy
7 P

\--ad 5 ~ -
5, = n [,,,l,_,i_‘L' + a1 v 1
But the law of reflection in vector form reads

~ ~

r==i+ 2 cosi N

Hence,

JL = W LL Lo é—f' ﬁ]

Fal
Again, N :}J.;E Hence, the deformation of the wave front

is

A =2 n e cosi

(a.6)
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Appendix 2, Computation of the“Distance That Appears in the
Diffraction Integral.

If a converging wave front has phases represented by

a phase function F (x', y', 2'), the amplitude of the disturb-

ance that reaches a point P (x,y,z) is given by the classical

Huygens-Fresnel formula (see, for example, ref, 6).

’ ‘Lhéi
()= -2 ) Fluye) Lods
Cy

(b.1)

To evaluate d2, we consider an axially symmetric (or nearly

s0) wave front whose vertex is situated at a distance f from

the origin of a coordinate system whose z-axis is in the

direction of the symmetry axis. Let R represent the

radius of curvature of the wave front at the vertex. From the

figure it is clear that the distance from a point M on the

wavefront to an

PO
3€ .
U 1,
T
= I
e ﬁ >}t R P é ‘
# L ; ‘ ‘\\ﬁdma
_ . -
% ‘// \%M ™~
',

. K e _'ﬁﬁ.“m_ ‘.
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observation point near the plane x-y is

- ]
) -

FRESCEVAS R VIR

Lol
-

(b.2)

The position of the point M can be more conveniently
specified by the coordinates r and ¢ plus the distance
along the axis e,

We can then write for d2

(b.3)

For the special but important cases where the wave front

is spherical or paraboloidal, we have that

»
i

€= Rl Ty ]
é PR v
and -jJ{

respectively.

A simplification is obtained when all five of the conditions

Wl Sedds e and Bl
,..1 r H i *‘.S ‘J
(b.4)
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In this case

ooy A 4
M.«-"(":‘, QL-JSZ ‘;'ffw e d/]

4

.
R
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)
Y 2
+
4
'1";\1';:
—
e———
i
PR
e

This is the usual form of d2 for dfffraction work. We
shall be interested in a different form and atso in the
case where z = 0, that is, we want to have the observation
point in a plane, that in general will be the focal

plane of a lens or a mirror. Let us introduce the new
variables. _

A L Je

¥ &

As seen from the following figure, the angiesa(and/é?

———

are in orthogonal planes and allow us to write d2 in

the form

N jr&j }; (4-:’“ sh A rﬁé,am/’:)}

(b.5)

Since the condition ¢/f << 1 implies that the angles
Q{,andfg are small, we can replace the sines by the
angles and have only the linear combination as the
variable part of the exponent, in which case the integral
becomes a Fourier integral, with exponential term
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Appendix 3. Sample Lcattering Computation,

Computations are based on the following three equations that
represent the amount of light scattered by an irregularity

as a fraction of the flux incident on it.

For Bubbles:

e =1l6r { A (n-1) }2 ( %u)G fl(a) fz(d}
Ro

For scratches:

e= (2m)2 (a-1)% (0)2 ax ay f(8) f, (a)
| R

For bulk inhomogeneities:

e = (2it)® () £,(6) ()
A N

whetre

A = wave length of light

n = index of refraction of glass

Ro - radius of curvature of wave front forming image

w = radius of bubble _

Ax,8y = dimension of scratch determining projected area

h = depth of scratch

t = thickness of lens or optical element

An = fluctuation of index in optical element

N = av. number of domains/unit thickness showing the

fluctuation 4n,

f](G) = factor to account for angylar distribu-
tion of scattered light

fz(d) = factor to account for defocussing effects
that tend to spread out the lTight over the
image pane.
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For bubbles, for example, we have selected a glass
belonging to bubble yroup 0, specified as having a total
bubble cross section between ¢ and 0.029 mm2/IOOCC volume of
glass. We shall assume a value of 0.010, for Ist element.
For the 6-element system, we further require that there be
no bubble or inclusion of diameter 50u or greater. This is
consistent with the lower limit of bubble group 0. Since the
Ist element of the system has an approximate volume of 30cc,
we have a total area, according to specifications, between 0
and 0,01 (mm)z. Assuming a log-normal distribution for the
bubble present, the mean bubble radius is in the vicinity
of 20A. The radius of curvature of the front surface will be
taken as [0cm and for a 20A bubble with direct {llumination
from a direction making an angle of 300 with the optic axis
we have an angular. factor <10-3. With these values, and recalling
that the true image plane is about 2.5 cm behind the last
eiement we have

167 {.16 x 1078} (10 )6 x 1072

L x 100 AV

M
[t}

167 (16 x 10719y (1012 ) x 1073
4 x 102 46 x w3
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For this case, we have taken fz(d)=l, to consider
what might be regarded as a worse case. For scratches, we
have taken the angular factor to be 1, since there may be
cases where the orientation of a very narrow scratch spreads
the Tight over a considerable angle from the direction of
the Incident light.

For bulk inhomcgeneities, we consider an element
l4mm thick made of galss in homogeneity group H2 {An=i5xlu-6}.

Since N is of order (IDA)-]cm_}, we have

e = {5 x 10-6)2 (27 x §.4 )2 10-3
B x ]O-S 1.4 % ]03 X 2.5
= 1/3 x 1078
We &lso have assumed that when illumination is such that

more than one element receives light from the source, the

net effect is additive.
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Appendix 4. Computer Design Data.

SPACE OPTICS RESEARCH LARS.



& e fiens

'_‘_] 1-10 é.oooooooo[ +40000000
7 _1=0 “2:899925127 1200000000 0400000000 03708479 T? mm  AfROT  LeW SCHTTIN L&MW SYSTeM

2 =3 /. 3.s9887n8% =9+00000000 T ey ”
TN LTI T FATTITEISE 00 v SKSEINIGE60 T 909332945 COMSTRVET 0 PATH o

oy =g, 10938901 - 000000000 - - - S . : : : 1\ e
3 1 . +0040%Te 1200000000 0+00000000 p2T084T9 ' N

o I - e e [TRY HEICHT ¥S  JarEmcerr Exeers
4 -3 1.8“01305 ~0«00000000 _ ) :
4 1 163253628 1:72135300  54.65410000 =,00333940 S

;

B 7 A PBERTTER =4400000000 o
T ISEUTEs: T 06000000 0, 0000U0OT T T G3Yoedre - - o o - T T e

“"“1.015 U e _ e
L25003480 +67971500 32 23500000 .09536751 _
T 3 99928437 =D 00000000 )
L' (Al9assee 1,00000000 0,00000000 03708479 . e R
08 U5,00000080 ~(.00000000 L
S TTIUI000600 < g, g0eu0000 T — — g3 TesATe < T - B
TR e eI — = 0h 00000000 - - P s e e - e e e
B p T T J2oplndhe 1°73293730 za.assooooa +69939358
<> o 3 74995309907 -0:00000000 .
=z Te 1 100241218 200000000 0:00000000 37708479 . I
f'l »3  1.81560819 «0+0000000¢ (
IS T RIS TREL -~ - =0400000000 R - -
12 1 . «0839938¢ 1*f80000000 0+000000080 '02706479
13 -3 T.90874608  ~0+00000000 )
_*_a,,me-3§931:§_ o 1eT2l3sa00 54069410000 400335940 e
is 3 21,84930478 -0,00000000 N
—T¢ 1§ ,40716483 -~ - y,00000000 " ¢, 00000000 ©L,02T084T9 - o - . : e e
3 DRON000e0 —  =040008000¢ e : : cee
15 2 -, 00346980 1.00000000 0,00000000 +02706479
76 3 $.,00000000 0400000000
ie 1 #,00000000 1.00000000 0,00000000 0,00000000



- 2  LABA2490 ~,114239) -.0000000 L0000000 ~-,45024n0 ,114239) -
7 3 465704 . 312b261 -,0000000 0000000 - 4507044 3126261
— _mn#o ‘+1ATE8691 = T000p000 - J000D000 =léi1x%0z0 3718891
S 7, 3192843 _ .S265472 . 0000000 0000000 -.31925‘3  S2esare
& 3167466 11880422 L 0000008 50000000 -,3167esk 11585422 / f\ .
BTN T, 400TN00 " L 60pu000 - . 27849y - L 1anTz0l A
'8 2157512 130?2u1 -, 0000000 o onooono -, 2767572 - 1807201 Y
9 2778139 1919862 . 0000000 -.0000000 ~,2778B19% ..1919862 i )
— e taEesTY  leueezs T p00a000 . .0000000 -,3129373 . 6439423 N
3 L3183 1675822 -, 0000000 ._0000000 -,3210183 ..167%5822
2. a72845 ) 11988678  ..000000¢  .0008000 -,3472B45 - . 19RB678
T 3ITs8AT L 1291165 . 0004000 unouoao' J3115337 2971454
& 12730998 0[4Bi%296 _l0000000 0000000 -.2730358 4815796 .
0 o 0 9 0 o 9 9 0 0 p ¢ 0 0 O O 0 O 5 a4 0 0 & A B O O A oa 0 oo 8
-—-r_r-n e ey g9 09 ¢ o o : : :
Ll 3 o 0 ¢ 0 0 B ¥ g 0 g 0 0 O . ' ) .
g 0 2 32 0 - B 11 0 & 138 0 5 288 0 6 240 0
I T S 7 S 9 96 0 ) 48 S 1@ 6 ¢ 12 A8 0
13 -99 0 18 144 ] 15 192 0 16 249 o 17 288 o 1R 336 @
19 .J6s ) 20 _sd2 0 21 48U 0 a7 o 48 23 0 9% 24 [ Y}
Mt - e Satt | iy S SEi-{ 1 B4 Al g ea:~ S 334 29 D 384 3 0 432
§ 48 3 3 6 336 3 28 33 1) t 338 35 19 336 A6 Tad 338
ij’ alig 33 38 3 © . 338 3 -240  33% 4 ag LI S 336
= - 3 .
{ 50.-.-1---‘o---.-.--30_---_-0-20-.-- Y.Z MICRONSY PL MICRONS!IDQI '20"'"""'"30""""‘0'--"-‘5ﬂ
1 1 M i 1 i 1 i
-____,_.___tmw,m,.A,}H,,,, e §_ 1 I = 2 { ! -} !
T 1 1 I M 1 1 1 I
g1, ‘“ ) % I I o ! i 1 7 1
; = I - 1 - = : : 1 i
1 1 1 1 1 H 1 1 1 1 1
1 1 I 1 1 M 1 I 1 1 1
1 R o N S o I T 4 ¥ 1 1 1
; 1 1 1. 1 " 4 H 1 L A
1 S 1 T 1§ ' 1 1 i 1 i
1 f 1 i 1 1L T 1 1 1
1 1 1 1 1 1 1 1 1 I
5K SRm e s SR 1 1 1 L T 1 1 1
: 1 1 1 I 1 -1 i 1 1 1
1 1 1 1 1 1 1 1 1 I 1
T T f T 11’ - 1 1 ‘;‘ f 1 1
1 1 I H 1 I 1 I 1
1 1 i 1 1 S F—n 1 1 1
T mm LT I TR TR N Y - 4_‘ = e ! - --.---l -—--H- "-’----3
1 1 - . T — — —_— . i 1 I 1
! 1 1 I 1 H %‘— —M _..}“ 1 1 1 1
- 1 1 B A S | E SRR 1 1 1 N 1
1 1 i 1 1 L7 w1 H 1 1 1
1 1 H r I . # 1 1 ! ¥ 1
SN - 1 1 v AT 1 i i ' i
r H { b ¢ { T I T 1 1 1
1 1 1 L H 1 1 1. 1 1 I
- - 1 I 1 S TR N 1 1 1 IR o apsvhdl
MF FAN ¥ =caccrem s ree s s e e e s M s = e — - —— -y [ ——— At XY
1 1 i 1 1 [N } 1 1 i
I Sl i I 1 I i H 1L T 1 1 !
i ] I I I i 1 1 1 1 J
1 1 i 1 i I H M1 L i 1 1 1
1 I 1 | I 1 1 1 i 1 1 '
I 1 1 1 mT T 1 T 1 1 T

SkEW FAN 5 o; EXAS.

SKHEW PR 4} . T 13

—te

76 1



70

1 o 1 1 T We~—f . _H 1 1 1
1 1 1 1 1 1 "}‘—'—-%——H———;_ 1 {f 1
!-—-------—--—-nﬂcooﬂ—---—---——--———-—--two----—-—-_-------------.--------—---u-.--_-—-_----------—-.
Pl MTCRGNSIIQOO

asG--_-----?a-_--—---30------w-26---— YeI MICRONSe L L T e T L At L T

_é ; L P T I T 1

] P Wi 1 1 T L N i
{TZPFSKEW R 1 1 LMY 1 ¥ 1 1

I Y H T CILTUMO Sy 1 i i

I T H i IL T oM 1 T 1 1

I " 1 1. i L 1™ 1 I 1 1

T e e T “ 1 t LR T 1 7 1 T
1 1 LH i f 1 HI L i 1

—-—-.----------.-—-Lw-—-----_g---‘-—oM----.-------—--—-----—---n—-----a-‘---n-

1
1
I
1
1
H
i
R { 1
i ‘
1
1
R
B
1

I I M- : I n : =~
™ 1 1 I ; T H 1 %
1 1 ! Ml f i 1 1 1
’”ﬂi”‘lﬁ“"““““" By S L1 1 1 1 I Mmoot 1
. 1 i 1 i ' M
W : i 1 T L 1 % ; ]
" I { } ! i } !
i Ml i T y 1 1
[ —--F-h‘ﬁ"—"“‘u-—-‘6--M"‘I-I‘ﬁ"—'-iﬂh—H-----~ ----- s T o O A O O i Y Y o e TP e

" 1

S e v wf e g o —mqnp—

L x5 ! .

e = e e il el ]
—t—

1 I I 1.
i I i 1 T i
- I { M - ' H T
H i 1 1 1 1 1 1 T ™
1 1 i T 1 1 - 1 I ™
' NI 14 1 1 I 1
" I I 1 1 1 H 1 1
i ! I~ T B o Y T T 1
PL."P ---nnnnn-----------I--—-—_.--—---—-_-- ----- 1 0 O e g, O P O . o e ™ P
1
— e I R
L]

"~
b dd ey b

R b B e R e R B T L e T B R B e e L R R R o e e e e B T Y B T T T P I L e R L ]

e e e L e T B

Eeda B R B T B E P

L d e B B L N P N
X

— A0 a0 M-I:‘,

-~-ﬂ-’-’.------'—-------‘.----.-------d-n-ﬁ-‘ﬂ-------qﬂ---..-ﬂ-,m-----h--.-.-----a--ﬂ-q.—-.-.----...

1
1]
1
I
1
1
1
!
1-

WAVE ey T
el e LT

,fﬁ”'

oRges



“[L Z  J3481485 «,0442909 -,0BB1320 ,05R4324 ~, 5155643 ,15976E
B 3 3364845 3BoA . 0724547 1178024 . 4904539 23034 )
_“#*":iz'.l;i"ﬁ—' .*itﬁﬁsr 07Is176  is1p%I0 - *zﬂzﬁa '637;989 I : {
b auRY -ones 110399270 1603860 -.3148504 .6287701 { [L-
. Bas - 0879095 -, 0273864 T0848267 -,30%2334  [208TAs2 !
LY ? S350, NIS6940 Imaan iy . 0385496 oAl
2333563 12054315 o 0059494 1103578 -.ESTBno -1 0355496
- 2361’56% 1932817 -, 0017%32 o B3376 -,258iBa2 - 1025939
——iu 207835 owstctn 1221900 <, Z75g848 - 4107233
' ¥ 8 17 a 6 nass 1 -,277897] 0BR16AD
RTINS _1I5E885  -90%z8d8 -Seeseat o:333801) --a2fisse
—'—T“zmm “ TATATY 03;7451 -, 2627047 950489
.zﬁza'ﬂﬁ .3675365 0 4OTEH obgo&&o -:21;;3:; 3922357
. ¢ ¢ o o0 0 0 0 ¢ 0o 0 D 0 0 0 A4 D O O 6 N g 0 O N0 -0 0 B0
e s S S SR S S O S 3——3 © 0 6 88 - ¢oo e e
0.0 0 6 o 0 o 0 0 & 0 0 0 0 O _ . ) -
e R S - A - A R N T N A O SR L
LR At a 1 0 R 0 43
11 =86 0 1+ _129 n 15 172 ) 8 716 a 17T 259 0 18 .34 0
g =345 Aqg’ gg _38: . 0 z} %32 ng 22 0 48 23 0 3:9 ;g 0 144
- SR M & T K v B 0 33 29 8 1 8 0 a3
3 o B0 32 302 336 33 259 336 34 56 336 3% itz 33 36 i3 136
AT LIe ;gﬁ 3112 336 39 .216 336 46 .259 338 41 302 33
t -5 "="'=""M!"'""""‘30“"""'"21'1"" Yo H[CRONSI PL MICRONSllﬁﬁ- LT e e e L T S P P L S Y T
TR 1 1 1 i * i 1 i i 1 1
SAG FANY b I I i H“pu 1 1 1 I 1
i I — e e A : : : :
@- i 1 i 1 t HONLT 1 ! 1 1 1
1 1 H I I T 1 i i 1 i
\] 1 1 1 8 i """n‘w_' 1 § 1 1 1
! 1 I 1 1 1 1 H T
i g P g g D i - H ] g B o o e T T e T e Y e
Ly
o 1 ) e~ 1 r M
! ! I ! ! I Aw o { i t 1
1 )4 I I 1 T 4 I 1 1 1 i
—SA AN ———— }- i i I- 1M Tt 1 1 ! t
1 1 1 1 i i 1 i 1 i
R T T I o R R S SR
—_——— - ] Y- . : H I . H 4 I
1 1 H I T ML 1__ K1 1 1 1 1
1 1 1 1 IL T ™ o — M 1 1 1
T T [ W i e e - L4 ] O e e e B e e P e O -—---_.-
1 1 i 1 1 i 1 M1 i 1 i
1 . 1 I i 1 P. —" 1 1 t I
e e e 1 1 . T 2 § ! i
1 1 H I L ,I( — ‘}' 1 ¥ 1 1 1
H 1 1 1 1 1 1 1 1 1
I 1 I 1 W1 1 1 1 1 T 1
1 1 1 1 . IMn 1 1 1 1 i
— 1 1 1 1 ~ T T % T 1 1
uP FAN TI-----O---; ----- ----I---—--—--;-----.--———-—----HM{_T----------I--—-----—-I-_--..-----.-_-_-...._;------_--.;
T T
A I | 1 1 I iH 1 H i 1 i
I 1 I I i HA ! 1 1 1
‘ H 1 1 1 1 tH 1 L 1 1 1 1
1 1 S 1 1 HT W T L - 1 1 1 1
I 1 1 I 1 1 1 1 1 1 1



!
1

enll meremrer e e e e -

1 I
1 I

1
I

- _1{

M-u

1
T

(]

1
1

I---_--------—-—---.—--------—-------------------t-—-_.------..

400 T o et e ot o e

W -
*

1 X

] .

H :

]

]

[} i

e .

o Ot i et ol e Pt Pl ey
-

[)

]

1]

[]

)

[]

]

L=4

P L T e e

*=mmn et

allie LRSI TS T

.
e K
e
- ! -
»
[T L L S T Sy
4
Q
-4 X
L&)
-
x
- x
X X E
o ¥
T e T
.o
4 b
-4

-

but e Bk o b e o i
i

P
-

5

Ol uapberd b et e f et

FrmmremT= Y ta=we V3L MICRONSY

Ol b g el e P

. :
et Il b Bt e e

1

iu '

-50—-—-----‘ a-—------
(YZPI SKEW

e
1
L
i
I

B e e B ek et gt

e

ekl el el el el

[y e

[T oh T ol ]

-

B P B e e e B

x

L e S

X
i e L e

x

Bt bt e et

—

el e L BTN T

T..MT. Pl Bnd et et Bt Bl

gy o o e D S Pt T o T o e Y S O R P e e [ T g

L

I
I
I
I
“'536—;'"
I
A |
I
!

[P O T Bt Bt e B e
L]
1
[
¥
1
]
L}
1
]
Bt ket 0t e bt B e B
¥
1]
1
]
[}
1
-

0 e T g o Y e 2 iy

L L S e S e o g g e b e

B et e Bt B Bl B B B

Ll Tl ot oL o ]

™
1
1
I
1
1
1
1
1

Pt e e s e s e

S Bl d ek b e g R

-

Pt it b bt et bt el e B

x

L B I e e I I i

Pt et e o e B et

Bttt Bed et ek Bt 0t Bt

'
“
|

G

T B B T i 0y e A e 4 O i o i  k al  r  m  m  am m  m y

PL, MP

T By D 0 ¢ e B
Bt et o it el gt et
z

E TR Tl S e
X

T Y e Y
T Bt e P e B e
B
P L LT
ot et Ry
X

e ey g )

B A B g it b B

Bt el Bt et kg et i ol

|

7

e Y O e e et Y s

l--_ A T Py e Y O O T A g O A OO e g e A S e G

)
s -

e

:



67

2 L,2375075 0205876 -.1765469 1169402 =,5735479 2108439
3 L23758698 _ 0208217 L 1401685 2366471 - _%a6l3j9 51726823
e SEUIY - < T2k4TIa . 1621335 zo?zné - #ﬂm;: '5008951 r\
5 2096070 - uu%‘rs -, 0788053 3395732 ,3166343 ,7392184 : f?
6 193;“3 0054650 . 0533475 1699532 .,3090793 12628306 [ ¢ (L j
T 1924 60) ’2928? -l 0314969 J2606aT3 . 24%6871 10908904 } \ :
-] 2081026 .2928229 ._oo95155 2‘06973 ..zu.sa-:s o90590t : ;
9 2135456 12387398 .In00R61S t1385190 -.2‘115“ - 0254731 " \ -
o zwaua 6139767 0131550 asnoan -, 2450370 - 2359233 Sl e
11 2550295 2204035 0134700 133915& - 2481%a3 ousua -
12 3013617 nooowa 05?9895 1712921 -, 2495903 3160970
137 13013543 01758466 10%92156 T08Ap0%1 a.2208102 13060998
14 2??9670 -.2B3969¢ ,0716595 _1ia3?53 - 1694253 514?353 N _ )
‘ o 0 0 0 0 b @ 9 ¢ 6 0 0 6 0 % D g O A o0 o 0 M 0 o 0D 0 A AI3I4 & D & O
- o0 g @ 00 & 0 ¢ 0 6 0 O O 013
e_ 0 0 o 6 0 C_0 0 D 0 0 o 0 0 14 . . R
1 408 1} 2 7 n 3 326 0 + 285 a B 244 0 & a4 [+
T Tien 0 B 1e2 0 9 Bl ] ia 40 i 13 0 17 ok 0
13 =8 a- -tez i 18 163 [ {ﬁ =204 g 17 244 8 1A _2R [}
19 326 .0 20 -357 o 21 -%u8 22 2 &R 23 0 56 24 144
B noeEs - 22»7 ¢ 240 z+ @ zeg 58 0 33s 29 -0 384 i 8 432
B AB 3 288 1336 3 244 336 LYY S T 3% 163 2336 36 2 338
3* .125 338 3 .1f=3 338 33 -20% 336 A0 P44 338 &1 .385 33s !
STNE!AN“GEEJ- L1308 7 .. . -
Uomrolasalgurmmtanegpmeenamm=2acan v4Z M]CRONSs 3| MICAONSX1gp. tRgmenmmmss Yenemm et g T s 5
1 1 I ! I o i 1 1 1 1
T R | I 1 oH M, 1 b 1 1 1
1 1 1 I I 1 4 T- 1 1 1
SAG FANY 1 i I I HY 1 1 1 1 1
A o I 1 1 My 1 1 1 1 I
1 1 1 i I HE 1 1 1 T 1 1
1 1 i 1 1w T 1 ¥ T I 1
R | B i i 1H.ML T 1 ¥ 1 1 1
1 1 I I Mt T 1 H T 1 H
I‘-.--’H------L----—QP—--——gﬂ--------——----’--'ﬂ-----—---------n-t-—--—wtﬂ--n-’---?—--—----up--‘-—---d?
e T B AR | I 1 }u 1 I T 1 H
1 1 1 1 H, ™ L T v T 1 !
1 1 I I 1 W i 1 ! 1 1 1
SAG PANT - T i 1 I H/H’ T L 1 1 1 1 1
1 1 "1 I 1M 1 1 ¥ 1 1 1
1 ! I I P S 1 1 1 1 I
g T 1 1 w_i 1 ! t 1 ! I
1 1 i 1 T~ — w L _ 1M . I 1 1 1
1 1 1 1 i 1 1 T T e e 1 1
e I-‘i’ﬁ.-&'.-’.‘.--"--..-‘---H---“----L'ﬁ"‘--!‘:-:—-’-—‘-----p-'m--ﬁ.ﬁ----_-----&-’---‘-..--.Q-_-.---.'-‘--ﬁ:
1 i i 1 ) Ty — — M I i 1 1
1 1 1 1 - 1 1 P L L1 1 1 1
R SRR SRR { I I - ¢ 1 1 I
I 1 i I i "H/ TH 1 5 1 T 1
1 1 1 I 1 1 1 I 1 1 1
—— — - 1- I i L 1 AL HT 1 ¥ 1 1 1
1 I 1 1 1 L] I I 1 1 1
1 1 1 1 i Lo 1 1 1 1 1
et SR 1 1 i 1 T 1 1 T
MP F‘N Y q-__-n—---------o—_----—----—--__--------o---———-u._.--H- 'L-----~-'—-----.-----_-‘?-’-‘---------.-----?
1 1 I 1 1 * 1 1 1 1 1
TTTYLTY 1 - 1 ! I I H T 4 1 I i
I i 1 i T 1 1 1 1 H
1 1 1 I M A& i | 1 1 1 H
e = e { 1 ] 1 1 T M 1 T 1 1 T
I H o 1L 1 i 1 i
I } I i } Bl 1 T 1 1 T

Fr6- 2.



0L

1 1 _ L I Mo A 1 i { i
1 1 i I w17 i - { i i !
1

o e ] D g B i e P e e e

et bttt et e B et LY

072mTTITTAQTIITISSN0TIII N TR0 o T Yol MICRONS,  PL MYCRONSX1 65

1 T
i ol

!

U""'-'"30"'"""‘5"""‘5

e B

AYZPISKE

4
B R e

Ot Dt b el e
i s it ] ey —

H

et b kil
g 1 S
Tt

M

+2
1
H
T
L
T
1
1
1
!
¥

bt g
B ol 1l g g L5l A (et | — 2

1L

e iy e e e o i i R s

1 1 I 1 b 1 I M I
1 1 I I T 1 T " H
‘ 1 1 I i T 1 1 M }
TPLTSEG 1 1 I 1 TR 1 " H 1
1 1 1 1 M 1 1 1 I 1
I 1 1 1 1 t 1 y 1
e 1 1 1 I T 1 1 7
1 1 I i 1 T 1 T 1
1 1 i ) I T T T
- -_--”-I ! - -

g 0 T 0 0 e 0 i o O 0 e e Y e ot D i v e O e T P e s

1 t 1 L
1 1 1 ; :

I

b
i
|

e it A et | e bl b et L

L L TR Te R e e
I
P

1 I
I I
E i
! §

e TR I Y Y
x

i
1
|
|
i
i
et et
¢
by R -
L T T e ]

T - H I

PLeMP e TR Y T i e i e TR Y e o -——————

I

M I T T

et B Ol cm o O o ot e

1 1

x
F T P e N = T S U S S

iy -l A ]
T e N
el ey e e et
s Rl
A A Ay e -
g e .
L B R B ] B b B F )

1 i I 1 1

T gy o o o e Y g e R o 0 ] i P R e O P g e A T e e iy o i O a0 Y O s o O Y e g T e

—-
WLl el R | ] e e el G [ ol it ] 1l (e e ol |




LMY

e wn-n E

i~

10

e
——

12
12
13

14
14

15
tS

16
16

/34;7 ¥

A8,q71977
13.5.8845

=157.734278
L TN22094

46,71003a8
15.013%807

1N6.271938
I.a01958

-51.53%374
6.2500957

24,0821nq
he4R163,

N,a000np
174490

=67 .7033641
1.222022

B.n0nt0q
I.48005g

45,a82727
«N60304

45 ,76528
16.009Y8R

«30,AB893R
RS- L FY

17.718652
G.RD9937

C46h,23252n
P%5.v79114

RIS
- Bb g

=-Ma

167368479

-l

lea00000

-y

1.73647%

=-Ne

lsnnpgna

-
1.705295

“fs.

lennoonn

-ty

len0000

-tg

1a764271

Nae
1764271

=

Tlengpana

-

" 1e736479

-0
larnogog

-

12736479

=-ne

lag0nLn

-f\:
lendnpau

YA

LW SCHRTTER

-fe
1727143

=0
1«nani00

-n.
1727143

=He
1+2nn0Q0

“ha

1+HAB163

-
J«2nn000

-Ne

1=20n000

-y

1+ 744437

e
1744437

“-Na

T«"nn000

-0.
14777143

-0
T«nn0D0

-fe
1727143

=t
1+"nn0Q0

=T+37n000E=pn5
1rpnh0¢

-,

le72ab12

“De
1~00p000

=fta
1=723012

=0

la00p000
0

1+683353

-0
1apGp0pQ

“0a
Lenopugn

“De
1+73715%

Ta
1¢737355

=0
le00g000

"0

ie7230)2

“fe
leongOQD

"0«
leT23812

=0
l=pftplon

*2.69N300F -4

1000000

{ﬂ.‘f - #-‘.l)
5O pam EY

-,
1720619

-0
T.n0000D

-,
1720519

=0,
Tentoont

-0,
1+4TARLG

-0,
Tendoand

"O.
1.,n00000

-0,
1731519

nl
14731519

-0,
lanlon00

-n.
1.720A19

-0,
1004000

=0
1.720619

“0a
Tand0a0d

=
T.n00Q00

SYSTEM on7A  (mm)

"0-
1718053 1.71683,
-fy
1«0D00060 1.000000
=Na
1.71A053 1o 71%B3%
=0
1.000000 1.00000n
-B-
146745809 1.67107a
-0.
1.000000 1.00000n
e
1.900000 1.00n00n
=04
1.726637 1.72750n
OI
1.726637 1.72250n
wi)y
1.000000 1.00000n
=lls
1.718p53 1.71583,
—u.
1.000000 1.0G6080n
=0,
1«718053 1.71583,
C1 Y .
l.000000 1.00400p
9.981253E=(1
le000000 1000000

1+712177

1+000000

12712177

1e000000

1+£6557)

1+000008

Ten0nn0n

1+715888

1+ T1588R

i=nonooo

1e712177

1000000

1211277

14000000

1endnnoQ

ST LIREFRAM] BNALYSES



A Xe +034630
: {nluinmmluu ILIIXIIRINITYTINIIIILE tfuu uiizmu{'ui.ur?it.x_uu{uumxztnuu’iux’ilunumiuuuti:'}__ e

i I 11 . N S 1 _
1 : 1
e ) N 1 - I N 1 —— N B
. _ T i ) *{' T
. 1 —_— . , _ S
I T 1 11 T i
1 1 1 1 1 1 i, {,,mw,.
I 1 i T
! : S S S e o
R R | I I T i T a1 T
| o 11 e . ] _ X
I 1 - i 1
I 1 11 1 i N I
1 1 T 1 I S | I i i -
1 S | B W S S e e —n
1 1 1 1 1 1 . 1 ]
1 1 1 1 111 B i i L3
1 1 1 11 1 1 1 1 11 1 ) 1
1 1 1 1
1 1 1 o 1 IR 1 ~ I
i 1 B o L % g ! 1 I
] 1 1 11 12115351121 1 i i !
1 i 1 1 71125%434882117 3 1 . 1 .
1 n 1 u 2245322235422 11 1 11 N I
1 1 1 1 I 3362113112633 1t 1 1 1 i 1
1 11 1 11 Sie532223%5827 T 1 11 i 1
1 1 1L 1 Filessedssseni 1 i ] } —
1 I I T I_12I1%381121 1 1 1 i N T
) | o 11 111 91 1 4% S T S
T I ] LSRN U TS N B 55 B U S N W | I i -1
I 1 t i 1 _ _ 1
i 1 T 11 T 1 1 — 1 11 i I ]
1 1 1 1i 1 ] i
. . —p —— : . . S ;T - }
F 1 1! L 1 i *
I B 1 I T A | - ! -
1 n L L I i . 1
¥ 1 - T - I 4 -
1 1 1 I
TTTemr Tt T T T i 1 I T T 1T ) ’T"ﬁi - - |14 -
1 1 1 - 1
I | I b B B B § B h 1
- 1 ) 1 1 1 -1 - 1 o N
I I 1 1
S — . . " T —— e B VLT T S
. :
— I - L A I ,,,},,ﬁ,,..m___ o
I 11 11 I 2
_ ! Ll & S— S oy LhAIE T

e ,;nn;““n;“ég BApgARLLILI numunmumnmmnnru1:11u_l_x_:_t1n:uumtnilnumtmlnxtm o

B _ﬂ;@ R 4 RAYS OUTSIDE 1gs R4 Rmrs BLocKEDfOUT or A _TOTAL OF 729 RAYS




X

X=

«0lédis

I]TIIIIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIIIIIIIIIIII!i![l TIRITINITL

ARBRER R et es e iitassiiasctsissistittititsiieey

4
o 1 1 1 111 1 | I
! - ¥ RV T S U g A Tl S —
1. _ e . I
) 1 1 - - 2 S
_ 1 e - - I
I - e e - -
1 1 1 S | i .
: ; e e
- .1 I . o S | i . - | S -
1 1 1 i 1
b . _ — .. _— _ - _ - }_ —_——
I T H i i 1 1
. ! - —— - — s S ——
- { _ IR | — 1 — 1, ..1_.L e et . _ ,,,,{ ——
I H 1 3 ‘ -
i - . S | D ___M_JWWIV o ,W,}‘ e
1 1 _ . | 1
T Y T 1 1 Y
. 1 1 - . 1 — 1 1
1 1 T 11 1179 T 1 )
1 1 11" 3BACAB) 11 1 1 I
} - I T eABbARBAY T YT o } —
1 | 1.1 TT4JZJ 1 11 1 [
T 1 GARD 1 X
1 1 o 1 11 3gn,c;aa | LI 1 I U - _
1 I 11 i 3 N
, I 1 R S — N S
1 TT 711 1 1
1 1 1 1 1
¥ ¥ ] ! T
- 1 1. | 1 L ———e_ —
f 1 1 1 11 1 T 1 T } el T
1 1 1 1 !
T — : 1 T T s S S T e [ S ——
1 o . o 1 -
I ] | 1 1 1 X 1
- ﬁ_d}_. . - I i - _ _ __ e e i} _{“_ J—
1 1 1 ) 1 1
e I _ - - B B R I R
1 1 1 1 1 1.
 § T Tt T T T T T T T T T e ) |
1 . 1
T B S B . - _ B} :r - —
1 e — > 126
— 1 S -y o — - S— W R Mm__r. e
1 - 1 1 11 1 1 o1 o } % Fnre T
1
A AIIIHHHIIHMWHIIIIIII“;IIIIIIIIIII!!!II!II[II!IIIIIHIIIIIIIIIII!IIIIIIIl!!I!I!“IIIIIIIIIIIIIIIIHI o
77;_1_;.__9____;_7 4 RAYS OUTSIDE 184 RAYs BLOCKED.QUT OF A TOTAL OF 729 pdvs : B o




__FiEwo

=

- HAYS _OUTSIDE

11111 1111 IFIIIII? IIIIIIIIIIIIIIIIIIIIIIIIIIII!IT'”I]III!I IIIII [IIII!IIIIIIIIIIITII
WIVEttnerﬁ- :1143%—-¥n35£~%§¥é%1-— Aéééa—— _______

_las RAvs i BLOCKEDIOUY _OF A TOTaAL OF 729 RAYS

— /,/’”:“—\

!IIIHIIIII

] xs 010000
IIIIIIIIIII(IIIIIIIIIII!IIlII!l:lll!ulllll!lll!ll ILITITIITILIIL lTVIIIII!IIIIIIIIIIIIIIIIIIII“IIIII!”IIIIIIUIT§

. 1 B )1 —f-- I
! | 1 1. I
} i 1 1. i - _ . } S
1
}- N B U e e % e
1 — . 1
I 1 1 I

_ _}, S e S T B Y S IR S

1 17 11 1 1
1 , . e _ , 1 _
1 1 T 1 R TR 1 1 I
I - i
T A | - 1
) 1 o 1 — —_— —
} 1 1 i . 1 __ { . -
1 1 1 1 11 1 1 1 1
1 T N 111 T 1 T
1 i 1 1 1 11111111 1 1 i n 1
1 I 1 1217217 121 1 1 T
I 1 22 Ly -3 1
1 1 12 nr:liﬁiﬁ‘ﬁf‘_f T
1 1 i
i b SRR 4 S
1 1 1 5453 4780874 3245 1 . 1 I
T I lz—fmrnzzszn 21 1 ) 1
1 1 12222 sﬁf 1 1 1
1 1 12 uluzlﬁsi - - 1 T
1 1 1,22 32423 221 1 1
I N 1 1 1217 217 121 1 1 _ 1
1 i 1 1 1 1111381t % 1 1 1 N !
T 1 T 11 1 N i T 1
1 1 1 1 11 21 1 . 1 - _ 1
1 | k| ¥
1 1 ) 1 1 - i 1
1 i T — o T
1 . 1
] | 1 1 1 1 | T H
! 1 I — - -1 r—% !
- 1 1 -

I 7 R T _ “__}_..,7,7 — e
1 I
L 1
4 A 1
- I e N e e
E < 1 S - oy T A*" [l 2 05’7-"«*4/1,] S
] 1 1 1} Puarem



X .
SERSRIEEREIETERES

! oty 3

007593 , ] o ,
R R R ey b R R e e R ey R N RS RS R R s batetesdtaaatississsisrsesiaieiiy
t

- waveceno B TLEFRU ARG LR LIARALY

FlELe 1 0 RAYS OUTSIDE 184 RAYs BLOCKED,OUT OF A TOTAL OF 729 RAYs

} “; )
. T i T 1 B R
1. B i 1 o | —. o
1 1 1 1 L
1 S . B o o e 1. .
1 . 1
I 1 .1 1 - I S
1 1 1
I _ _ S _ e R _ R ! I
i ! ao BRI R N e
1 1 1 1
1 1 1 ) B 1
1 . 1 R 1
1 1 _ 1 . 1 o
N o 1 1
1 1111 222 111§ - . -
{ 1 i 11 11111 1V ° 1 I 1 {
112 12111 2 11121 11 1
H 13 l.z 21 1 121 2.1 9% I 1 — 1
t i 11141 11 32311 1391 1 1
1 -
1 1 1 11 {zzx1al§laaéal§z z1n’zl 1} 1 1 % o
i 211 T 21121 & 12i12111 - 1
1 1 2111 1 21 1]} tl|2 1 i 1
1 2l :_;1:2 . 1211711 114 R |
1 1 1 11 1221712 221323122 211221 11 i 1 ) 1
I 127 " T2IY ¥ 1leT . 2171 N L
1 1 1114 3).323 §i is1v1_ . \ . R 1 S
1 £33 T g lZ} l Il_'] P S} 1 k3 T !
1 112 1211} 2 1)12} 211 1
1 T T T ITT I 170 I ) ) 1
1 e 1111 222 1111 B 1 i
X ) T i A 1
1 1 1
l 1 - ‘me_m__m_i_l . e
1 . | 1 1
T i C i 1
1 1 L 1 - N -
- -1 e g I R - 1 1 —=1 —
. | e e . S S
S 1 T""
1 11 1 !
) § e - o )
I S _ e e S R S .
SR | - 1 M T 1 T
[ 1 . 1 1,
— - S — B Ve e 10 086mm ]
i ST 5 . A Prarel

asulll IIIIIIJIIIJI!II!UIII'III!!’TIJIlIlIII”IIIIIIIII!II!II“IIIIIIUIHllI_l!lI! _




X x= s 006481)
AAA,,}Iunut_nu IFFE RSSO ERER08420 411 11!JIIIuIIlI!IlIIIIIr'l'TIJIIlI[II!I!I!IIIIIIHIHIHIII!!IIHIIIIIIIII!
% 1 T I IO R - _ . ¥ .
i . 1
- _ _____}__ e ._..l____.l__k_n,_, R | — i ) I _ - _ L _
1 . R _ I e
1 1 i T
1 . . 1
1 | - - | T
1 R S e S o S S
1 ' 1 1 i 1
B 1. _ 1 1 1 ~ 1 B 1
1 1
1 1 | 1 1 I
T 1 1. 2 1 1 . I
H 1 1 11 1 1 ~ i S
1 i 1 1 . 11 1
1 . 1 2 11y 2 1 . _ 1
1 1 i 111 1z 121 21 11} ! 1
i n 21 1}: T 2 ? 111! 12 il {
i 1 1 11171 ] | 11 1 1 N 1
1 1 1311 ae 1 121 1 22 121 1 _ 1 1
1 _22 311 zé 18 1.1 - 1
i 1 le 1y 211 27112 112' 1 1 Y !
: 1 _123.12%21.2321_ - 1
1 1 1 21 ! 11 1% }-.35 %1 h .’: 2 i 1
1 = 1232] 321. _ i
i 1 1 e L1 e 1 3 {,3%14, x{z 1 i i
11 - - .
I i 1 i"1211 ;f { %ll 5; 1{a1 1l ! i 3 ! -
I 1 I 111 1_ 1. 111171 T l
11 111 1 1 uu | S
1 1 T T T2 11l 121l aT T 7 1 ¥ H 1
) I 12 1131121111+ 21 o r
i 1 by Bly 3 71y i i
: B M I~z 1 T -
1 1 1 , 1 1
I .
1 1 1 1 A
o 1 | - B - T
] ) . |
) I T - § B | -
1 ' I
1 1 T - I
1 1
I - T1 - " 1 - ‘ T T
1 — oy 1 n-, T 0.05Fum]
I ‘ . e - oL
! ! 1 J ! Bant
I _ | Vs A

IlTIIIIII!IlIIIIII!IIIIII!IIIIIIIIIII[IIIIII!JIII

ulvELENGrHu
FIEL ~

52500 IMAGE WEIGH{=
#3253 RAYS QUTSIOE "

C1gé X BLOCKEDIOUT OF a TOTaL OF y29 Ravs

TII!lIIIII%!I!I!T!JlIIIIIIIIII!IIlI!I!IIII!llIIIIIIIII!IIIIIIIII




X = «006111 . N
WIIIIIIIIIIIIIIIllllIIIIII!II!{I!}[!!][[}IIIIIJIIIillIJII!!IJIIIETT!JIIIIIIII!IIIIIIIIIle!iil1111!11111111111111{
1 g 1

- e 1
}_“ - - ——m T . R ,”",V.m___m___AP, S,
1 1 11 i1 1 1
..... — b b ML 1.1 1 S— e e I U
1 - _ } o . e e 1 o
T I 1— - 1
1 1 - . r
| { 1 . 1 . T
- I 1 . S e I - 3 e
1 1 i 1 1% S it i i 1 .
1 11 , 11 N o 1 .
I T 1 I _ T
. 1 i 1 112 - - 21 13 1 1 1
L ) T 1 T T
1 1 1 _ 1 . 1 1
LY I 'T— 171 L Y I N L
I 1 1 1 1 1 1 1 i _
1 1 1 I11 | 't v T | N ¥ ] 1 1
1 1 1 i3 e ]
T 11! Iy 2T 1 _ 17
1 1 1 11 1tz 22 ii 1 11 1
1 1 1y 11 7 ?i‘hiﬁfhi'i;n 13 i ! i i
. 4 1 1121 2 [3i3! 2121 1 _ 1
Pl 1Y 2 1 2 11 62212MRi226 M 2 i1 2 13 I
T AR - I o i _ o -
4 3 i . | i1 213 nneiii e i i i i
‘ I 1 2121 12271 181y )
LR | 1 111 1 1 ejeeni2 k1, ) . iy 1 1
L4 11 1Y I ¢ 1 !lll 4 € ‘__l. T1 I1 1
1 11 S S I . -
) { ) ) [ N § I 11 ) 1 17 } 11 1 [ !
) 1 1 1 1 1 1 1 i 1
T 1 11 2 T2 F I | i
1 1 i . . 1 1 B I
T 1 i i I
1 1 1 112 N . 21 i 1 )| 1
T (RS NS N R |
1 . 11 . . 11 v o
1 4 ] 8 | S | 4 11 ¥ I 1 :
1 1 - 1 1
! 5 _ - : ] ——
1 i 1
T I I 1
- ; - - —f 1
} 111 PR 11 1 T *.062 | Pare¥
-
l - - i
——3 i e T
¥ i

11
Tﬁlljiééiiﬁ'liiiéiriéilﬁill‘I ll;}&;;llIlIll!IJIlIIA_IQjIIII IITITVRSTIfReaInIninearsfiniis lI!II!lII!lIIXIIII
‘ FIELQ,AJ, 0 RAYS QUTSIDE 184 RAYS B oCkED+QUT OF A TOTA| oF 729 RévS s




X x= 007222 . . L. , .
_ I[[:II(I{!II;I!!}1!If;;l!l:l:lri1}1];1111111:4:!1J11llt!1ztxterrerll1111111111111l!trl!tltllxtxtltllztl11111111
1 SRR AT ] . LLED ILITAR 1L SRR _
1 1 i I
I 1 1 1
— 1 S L S R S S e R 3 e
t T i i 1 i
1 1 N 1T _ | -
I 1 11 1 ! { ! 1 1|1 1 i
} 1 1 n 31 1 1_1 } 1 ) l1 n 1 i . ) i
1 1 1 1 1 L 1. - 1 T 1 _ -
1 1 11 1 1 i 1 3 1
l F3 1 1 v i ] F 2 {
1 1 1 1 111 1 1 i i
T 1 1 1 . T i ¥ 1 1
1 1 1 3 1 11 1 111 1 11 1 11 1 .
T I™i 1 1 T1 11 1 .~ 71T 11
b 1 111 1 111 1 _ ]
1 1 1 1 111 111 1 11 i .11 1 ] .
t 11 1 1 L 1111111 1 1. 1 1] .
7 I 1T T71 1 Jh S | m* I 1171 ) _ ‘
i I 1 1 1 1 11111 2i2i212 111y 11 1 i ) 1
. - 1 11 1 _1} 1121 11 _ 1 - l
E 1 1 1 112 1211 1 1 i R
' _ 1, 11 3 . 2 111 . - e .
T 1 11 11 1 1 1 11 13 1 3111 1% ! 1 13 1 1 }
T 1 T 11 2. 2 11T 1t 1 N - H
1 1 1 1 11 2 1211 1 1 . | I 3
! T I 1T 71T 111 it ) M T | - 1 -
! 1 1 1 1 11111 231271212 1111y 1 1 [ 1 _
f : 1 1 11 1 1 . 1 1 S % T T | 1
. 11 1 1 1 111111 1 1 11
1 I 1 - 1T 1T 117 1 11 o - T 1 I
; i 111 1 111 1 {
) 1 I 1T 1 ) B U T T I I I U T I
H 1 1 1 }: i ll 1 1 1 1 1
} 1 1 1 1T 1 1 1 1 l
1 1 1 1 11 .1 11 H
rJ I 11 ) Y. 2
} 1 11 1 i i1 3 I
I I I Iy R ) | ] - 1 Y
1 1 1 1 1 i 1 1 i 1
I 11717 1 11 , -
H i 111 ! { 111 ! 1 i
T I 1 i ) S 1 I
1 11 1 i1 1
I : i - _ . -
1 . 11 1 i T pe83 ]
- — 7 = — ,, T . mm“_ﬁ___~_¢gﬁmu_Tm_
: ! _ . Purzeyn
1

XIIIIIIIIIIIIIIIIIIIIIII[IIII]IIIIIIIIIIII

IlJlI!lIIliIIIIIlIIIITTIJIIIIIIIIIIIItIIIIII!I!I!IIIIIIlIlltI!lIIl!t!! 7

] ELENETW___-E*F [

fiEL

- TWAGE REIGHT#®
0_RAYS OUTSIDE

oou0
‘188 nnvs BLOCKED+OUT oF ToTaL or T29 RiVS




I!IIIIIIIII 11111 1

It !_;Iulllunnlutlnznn

4 phys OursIDE _2p0 alys QLDCKED DsOyy OF & TOYAL UF 729 phvg

I!III1{‘3&1IIIIIIII!lIIII!IIIII!III!IIIIYIIIIlIlIlIlIII

T~ - TR R 13 mam R N e e
I1t1!lrnnnnuunununu 1SS R R A RN R e R iaiisesssiafifishlii ,xulnuu1uI:unnlnunu!num iy _
1 1 1 H
1 1 1 1 e e H
1 ) 1 -1 T
1 ] . S SN
) { 1 o 1 R |
1 ) | I I
1 1 1 - — 1
1 I I 1
1 1 1 - 1 ] 1
I | t 1 ] ) §
1 ! 1
 § 1 i i 1 i 1
1 1 1 1 111 i i 1 1
1 _ i
1. 1 1 1 1 ¢
b2 _ I 1 H i R i 1 i 1
1 i 1 1 1 i . i . ]
1 I S T D S 1 B
] 1 1 1 1 1 b 111 ] P 1 1 1
3 L3R ) TT -
i 1 S SIS W G 1 i
; 1 1l 1{_,;;;&1111‘_|1 lt 1
1 1 i1 ) 54 .
¥ I F] I 1111@!&3“;1 1 1
] 1 1} 11 3 33%spaies 13 i i ..
I i R 3 1 -
1 1 1 1 1123673763211 i 1 ¥ )

: 2 _ 2 -
: 1 ! dhfi LT T i
T : 1 1 T MY -utu_ T 1t i i -
i 1 ¥ I i _ 1
| T 1 ) T1 T NN 1 1
1 ) 1 1 111 1 1
! 1 i I ii 31 h 1 1  {
. .1 1 11 i i N 1
l 17 i ] 11

1 i 1
T 1 ) S 117 - 1 T
1 [ | 1.1 . 1
I T, F 1 1 F] i
T _ .t -

} 1 1 1 1 {
I 11 1 11 N |
1 * > 0. 33 MM !
I - T e ) 1
! _ b Y PaanEE
T ——




IlHII!III[IIIIIIIII]IIIIIlllI'lIIII!IIIIIIIILJIII!!HIII!IIIIl!t!t!JlllIlllIlllI!_

————— i . . [ — - - —_ Y

X « 017778 . - S
I_LIIIIIIIIIIXIIIIIII!IIlI!I

1 T ICFRLEIFCT 1 LI

1 1 —— _ 1 U R
] 1 1 1
1 — - I._
I I 1 1 o1 . 1
1 1 1 1 1 1
1 1
I S
, : R
1 1 1 i 1 R
1 - 1 t - .
1 1 i i 1
i 1 I i 1
i i i
I R N 1
1 1 1 1 1 i 1
1 T 1 1 1T 171 ) I
1 1 1 i . 1
1 T T i H 1 -
1 1 1 1 i
1 4 I T ISR ¥ =
1 1 1 .21 8T678_ 17 1 i
1
¢
)

1 11 a8icvecbé  1i i
] T —ageienzs T 1

1 144343441 1
1 277 27?7 T

b g G oy el Gl b Smflp el e el o gl ) e b | S Bl | ] e Sl by el | Sl | e e | e

1

1 ¥ 1 R Z 1 |}

1 1 1 1 1 1 1

T 1 i1 _ 1 1 1 1 I

1 R 1 i 1 o
- 1 - 1 I M | R B S T 1 1 .

1 11 _ LI 5 § B | 11 3

1 I 1 I -

1 1 . |

T 1 I T T ¥ 1

I 1 1 o .

1 I ) T 1

1 1 1 1 1
- 1 - T o 1

1 11111

T a ]

]

1

[ 1

1

FIELD 2

ITIIIIIIIIIIIII!IIIIIIIlllIIIIIIIIIlIII!IIIIIIIIII!I!!!IIIIIII!ITIIIII!IIIIIII!IIIIIIIIIII!IIIII!IIIIIIIIIIIIIII
TTUWAVELENGTHE T FAT00T T IMABE REIGNT® — T.2%§2 =~

9
2 RAYS DUTSIDE 202 RAVS BLDCKED OUT OF A TOTAL OF 729 HIYS




N Y 3 -
______I_xuuuuuulun_u;I;ntuu_u__uuunmmuuuuuuunuuuunlunuqunxunuununntrtnu

1
1 1 e Y . .1 -
T - _ i
I 1 e N I } —— I S -
1 1
1 ___ _ e R S
1 1 i . i 1
I 1 1 1 i 1 e I
1 1 )\ i 1 I
_ 1
} - N - f_,._{._.__ O
1 N S
1 1 1 1 1 I
I i
I. 1 i - - 1 1_ 1
1 1 3 i i 1 1 — I
1 1
1 1 i . . o ) {
¥ - I
1 1 i I
i X ~ ~ I I
L ) 1 . | 1. 1 . 1
! 1 I i i i i 4
I - ‘ 1 NP i i ‘ 1
1 T 17y 1 - T o T -
I . r ; . 5457475 : 1
R 3 1 . 1
1 | 38zezat iasaze ! ]
i 1 1 ?MT T 1 o !
o 3 mn z:zwuasteu 1ni ]
1 21 Rid T 1 _ -
1 ] 1 12171 u 111 1) 11171 i 1 I
T T . zmua :uul! o 1 - T
1 1 1 1 _ i 1 I
L 1 T 11112321111 | B 1 -
1 1 ) 1 11 1 . 1 1
I S T I H T Y 1 - - e T I
1 1
I ) T I Y ~ 1
) i 1 11 1 N ] i1 1
3 o o o 1
1 ‘ 1 T BN - S I
} - S S A 1y i 1 e
1 i 1. . 1 1 1 :
: - 1 e - Flpre I
I 1
- { - S - T S —
-—)..- :
. ; O D e . e 0095 mm LI
B . 1
1 1
- i T T
unlxrnuuulnnn:uunxnu11:unuunuuurnxuunnvnunuuunuunuununnunnnunm

N ! LTIy paiiLiLLLILEE] Lis e
HEEEW_ 47540 w’gﬁmom«m OUT OF o TOTAL OF 739 RaYs ‘ - .

——— e (’r(‘“ﬁ'ﬂ{\/ o




X = +0088°%

_mgwh_{jljjj111111111111111111111111111111111111114111111111111111111111114111111111111111111111111l111111111:1!111111§_ _
1 1 . . X ——. .
1 b
I _ e e S . 1
1 T 1 1
1
_ ] — _ ﬁ_}_____ _. _
H . 1
T 1 i T M
_ { 1 1 1 1 _ i e i 1 x!_, e
S ]l - 1 -
1 1
1 1
) ¢ 1 1 1 1 1
1 1 1 o 1 1 L
1 1 1
1 —
- 1 -
1 3 i i ) 1 1
| 3 1 ¥ 1
I 1 1. 1 1 1
" o - L HF Y N N : T
) -1 . 1 _Yrf21 21 1 1 1
- T &1t 2z 111 1
BE . 1 .1 11212111 1 1 1
BEE & S ! I b ¥ ; - 1
1 1 _ lll;;ggzleiltﬁtlgzlvll 1
1 31315331050 3 13 3 Y -
i T I i R S !
¢ 1 11 1 13p2 2256522 z¢ul ] 11 1 1
I 1 1 12301 5t 111321 1 i 1
S | ; T T 1112 T I ZI n " T
1 1 1 1 11 11212821211 1 1 i i. 1
T I i - Z1 TI1 117 T2 41 1 - - - i
1 1 2 Wi 2 @2 i
I - - | -
l 1 1 ! 112 1 1 11 1 11 ! 1 1
I I 11 I d ‘ !
112 211 : L
- T 1 1171 P T H -
1 1 1 1 1 1
T -1 | 14
1 1 1 1 1 1
% ' * %
1 1 1 1 [ e
B : - 1T T '”"”*“"}‘4§1‘1L —
l . - . - - e — e — e 2 1n e I — —
S n— E— A0 —

-

Ii1 isiia!llli!Il{l}ll’]!IIIlté‘;{;;}lIIIIIIIIIIILLI! II!!II!!TTIIIIII!l1111!1!!111!!1!!!1111111 TESITTINITITRIT

FIELpf 2 . 2 RAYS OUTSIDE 204 RAYS (BLOCKEDIQUT OF A-YOTAL OF 729 RAYS




X X= T.008248
illtlullulunuulxunuunuulunxlxl:II111111111unI11!v1:1IxnulIllllmnuunlunluilnuuung .
I 1. U RO I .
H 1
_ I ST _ " | - e T
1 1 ' 1- 1
— I S o e S _ S
1 1
1 . I
I | | 1
i 1 R — . L S RS S
1 _ ~ 1
1 - 1 1 1 1 -
I I 1 1 1 1 1
1 — i
1 T
1 — . - . i -
1 I T T
1 1 1 i i '
1 Y 1 I X I “:l
H ' N i - 1
I T ¥ 271 T
1 - 2.1 .2 }
. I I ITrrrriyT 1 | 1
| 9 1 2 2311 1 1112 2 1 I
T 1 I 'l 1T 1 1 1
8 112 131 2 11 .7 11 1
—1 —Ir 1T} ZF_ 1 O T ‘ 1
1 1 1 : 1 1} 31np222disni, 1 .5 S 1 1.
- T S REBESD L pE T Lk (TR PR TR 1 T
1 1 1211 _121236E832121 1131 : i
- 1 ) Y 2rT 17 11?321 I 17 112 1 =
1 1 . JE23542 pizg.-2vizan, 1
1 L 1 1 1 r—— :
} 1 R | 1 z z 1'2 1 313 i 2y 22 1 i . 1
: 1 = 127 TrzZ1 R 1
! 1 1 2132 11!11 231 2 1 1 i 1
T T J2ir 13 1127111 1
1 ~ 11 11 2 12 g 2 11 11 . i
T i S | 1 L4 1 ) I
1 1 1 1 % o 1
I 1 2. . 2 1 ) I
1 1 1 111 1 1 1
1 i - N T 1 -
1 1 ¥ 1 1 1 1 ! 1
T 1
1 1 11 i V Pare XL _
— g - _ i ,, - 1 *
e i _ } e - ,,,,,___“______._..___0-07:5’44&._;__.._ I

{111!1111111111111:111111t1111rtxt11xllI11:11111:1:11111:1111111rr11:I:1:111111:111xl11111rrllllrtxrllxxtlrttiirf
] H e £33 ! 318
PIrEGENg . 52500,  JUARE, 4ETE Tzo. ni?g Bfocugo-our OF A TOTAL 0f 729 Ravs

e S




: _—}IUUI”I]I_!_!_UJJIIIULLUJILIUH”UU[IlIIIIIIIIIUIIIIIIYLIIIIIIIIIIIIHIIIIIIIIIII“_IIIJIIHIIlIIUIIII.

- X T wo0BO7 T T T o - B .

% D } e
__ 1 e R e . _ _ _ e
: : — P
_ 1 l | S | e
t I i 1
I 1
T 1
1 _ .
{- 1 1 _ S -——; o
1 . 1 -
T i i j I
1 1 1 1.1 1 1 1
1 T 1
1 . o ) 1
I 1
1 1 . 2 "
I I I | & f 2 L "1 Y i - %
1 i 1 111 11 1 1.1 vl i 1 1
1 T I 1 L LS
1 11 % {1 J.. 11 1 1 3 - S |
1 I g T Z 1 I 1
: L S N U U TR 7 PV T T . }
1 T I 3 SR W § | 1 R t
1 1 11172 71 111 11 2111 1 i
) [4Y ] | '_. Y o _ - 1
-1 1 : 1 1 11 .1 212 1. 11 1. 1 1 H
i - a2 F4 T IT12%2111 1 2 22 i . 1
o 1 11 ) _1712624626426211) 1 I O ]
1 ) i 11 13358833y 112a 1 1 ]
1 i . 2 1 35 1] AlAJ4 11 2) . 1> 2 i 1
1 3 1 VIeC eyl 32323112 l'ﬁ.l 1 1 r
1 1 i 311111 - I
- . | - 1 é L § ; ﬂ‘ gc: TY 1 A i |
I .1 1 1 11 113 1312181 3ir i1 i 1 i I
T - ) I zm 11er 7l T
I. _ 11 11 2 17 1_ 1! 211 11 1
H T - 1123 rer_—32_v1 1 1
1 1317 1222221 1 1 ) 1
—— g e L L - . ey
1 1 1 1 1 I
| S | 1 B ) ) | ) S L
1 i 1 1 ! I
T T T T T - 1
1 ‘ . I Apre
- T - - 1 T— ) C g 'y r —f Lj,,
N . 111 _ ) _ 1
i : : e 0 N S -
. e ~ — 0 074/”, 1
: T T T
111111111118 111111 11111111:1:111:1 1111111:11111r!vrI1IxtItIII1!11trIII:rllxlllrIIIItIIIrzxrxst:ri
- WAVE 1—' R0y MM‘ 7&9? 1 -

FLELD 2~ 2 RAYS QUTSIDE 206 RAYS BLOCKED1OUT OF A TOTAL OF 729 RAYE




g%

F

TxETTTT
— IIIII!IIIIIIlIl!l!lIHl1III!ITIIIIIIIIIIIIIIIIIIHIIInntnlnnunlu!llnln:1:un1n:lluuultnnnunr )

. 008519

i e n e e e I . _ S g
.- 1 o . I
I 17 1 o ) T 1
1 - S - e e e SR SR -
1 T I
1 - . o o _ _ -
1 1 1 o B T
1
- — e i -
) S AU W S W O N S e S S
1 1 T 7371 i1 1
1 1 1 I O | | I |
! T - 1 n T 1T . T
1 . 1.1 11 1 H : 1 . -
. } T 1 i ¥ T 11 1
- 1 N W | 1 | D UV N NS H
1 i 1. 1 i 1 T -
I 1i 2 i 1 1
I I T . 71 ] _ H
o I 11 1 1t 1 1 1 1 i1 RS 1
1 i ) R 1 ] 1 _ 1
_ 1 _ 1 1 .1 i, _ 1 1 1 3 I
T | I11 nir 111 nny Y1 11" 1 T
1 : 1 1 1 1 111 1 1+ 1 1
1 i Y©™1r—_ 3% _ 17 1 1 T 1 T
I 1 . 2 113 & 311 t - S 1 1
T I 21 I S INryF 11 173z -1 1
1 o 1 1 11 inyses i i1 ) i S .
I - 1 Tz T I 22 @ 1_vi1 1 ¥ 1 B
i 13 12321 1 11 . 1. N i
T i | T T “IT LB Y 1 I T1 T - L]
1 i1 21 i 12 11 1} 1 1 1
T i - T 1 ) 171 T I - S 1
1 e 4t , 13 11, o 2 o - I
I I 1 3 11 e 11 Y 1 !"Z‘ LR T Y 1 TrrmTT T
1 ! 1121 1211 11 1 1 I
T F I T 1T 2 N 3
1 1 L1 1z v 1 1 11 1
____'_——*""' " [} f § e T J 1) ] | - T T T “{‘ e
1 1 13 21 2 _ 2z 1 I
. 3 { o 1 2y 1 ST S ———
1 1 P11 g i omi1i 1 1 Fiare S
4 I I 1T 31T 1171 T
H i 2 2 R
N S : 1 + 1 23 - = T ,},m4
! ST ' 3 2. 14 T 0. 06k mm. I
1 1 1 1
} _— e S

IHIIl'[lIIIIIIIII[IHIIII!IIIIIIIII!IIIIIIIIIIII

ilvttzﬁg}ﬂ‘* rLLLULS

_FIELO

/] RAYS OUTSIDE 212 R‘vs aanKEo-OUT oF A TDT‘L or 729 n..\'s

}:;gIJr:Jt1J1J111v11111111:1:1111111;III:I:IIIIIIIIIIIIIIltltlt!t




FIELD 3

5
2 RAYS GUTSIDE 226 _RAYS BLOCKEDQUT OF & TOTAL OF T29 RAYS

X +0435919
iIHIIIIIIIIIIIIIIIllIIIHIIIII!IIIIIIIIIIIIIIIIIIIIIHIIUHI!t!t!lllllllllllIHIIIIII![!!IUll!lI!IIIIIIIIIIYII
1 1 i ) I
1 1
- T | TTTTTTTYTT T T D S - -
I O _ | ;
T 1 - - ) SR - T S | - . | -

1 1
. I —— e e } - - - 3 -

1 1 1 1

T 3 - 1 - R |

1 . S R, Y

1 . 1 y 1 = i

1 i

1 1 i 1 i 1

I 1 1 T _— —— e 1 ——

] 1 . 1 . - I

I T i 1 T § 1 i i i T

1 1 1 : 1 1 _ b ¢

T 1 1 . 1

1 1 1 1 .1l 11 11 11 i 1 I

T T R} § I T

1 1 1 11 13 111 1 I

I T 7T TRy T . N I

I 1 1 1 1 nsnanmz i I 1 1 i 1

1 T1 T 11 I3 T | T _ T

1 i 1 2 2 20424492 2 2 1 1 1

i NN 4 L N :

: 3 ) - 86786211 _ 1

I 1 1 T Y TZEI3TZEY ?’}_ T T 1

1 1 1 1311 n2i2a 1 i i 1

I 1 ¥ . I 1T IIIY1 1T 1Y - ¥ |

I 1 1 1 | i i 1 1 1. 1

T T 1 T | i — ¥ I

1 1 1 1 iy b 1 1

! 1 1 1 1 i _ 1 ¥ {

i il 11 i

| - J | TTTTTYTTE 0 - T I

I 1 11 21112 1 1

T I 1771171 11 - 1

1 1
. I — e - I

1 . 1

1 i ——— - - ——] - Y

1 _ o 2.332 pam !

i r

I e e — - B _ e — R o

- —— I R R, e S S,
- I S - . - PanRR

ITfTTITIL ntuunuuunuuulu:nmm1111:nntnuu!nrnn!luulu111ntnuunl!nnnnnluu i

: *wivtr.mmﬂnilwﬂltr—tﬂmr HEIGHTS 2, ,0%Y




EE RS BT O Em O Em N BN B3OS RS I KON KN BN DN BN e o

g Xz «0179583 R . . . . :
- R D RN e R h A RNt a b e g et iR e e Rt ala ittt eiiias it aststaissstitisitsizssitdidsias:
‘ I 1
R - 1 1 o L 1
i ! V i
. __ 1 ol _ - 1 . | S, I B} B
i i
1 1
: - —— e — e
! I
1 . N 1
o | i - i _ i i T
YT i N T 1
1 1 1 ) ) . 1 1
T i 1 1 i 1
1 1
T ¥ T !
1 o . . 1
1 B - N 1
1 Y il 11 | 1
I i T 1 ¥ -
1 1 1 1 1 1
] ! 1 1, ¢ 11 11 1y! 1 ! |
] v 1 1
_ 1 1 3 1 1 1
I 1 _asy 1 - 1
1 1 11 111408484111 11 i 1
T T SSFETFF sy T - _
I 1 1 ZiAgsd 1 i S
1 ] _ 1 .
1 1 1 13223332231 1 i —
i ¢ 1 2 T TE2N28231 _ 1 z 1 T
1 1 i1 umm 11 1 1
1 1 T1 T ¥ 1771 T 1 i 1
1 1 .1 1
i I 1 T | 1 1 ! T - 1
i i 11 i1 ty I
[ S 1 T ¢ 111 | i 1
1 1 . oinn 1 1
T 17 1 ¥ T
Q 1 B o 1
T T
1 1
e 1 I - N :
1 1
R :
e : L . e T BT em } _
-~ { o . —— } FPrwre Y
I ‘ i
i T i} SR S ———

sfﬁltlllilﬂlllliiil ﬁ!llﬁil llé_ﬁ lIIIlIIIIIIIIlIIIIIIIIIIIIIIrTfllII!}!}]l!;!llllllI!IlI!Iilllllltllltllltlllll

FlELD 3 F4 RAYS QUTSIDE 220 RAYS BLOCKED, O_UT OF A _TO__TAL oF 729 RIVS




55

WAVELENGTHg ~s47500 GHTR 2,503

FlELD 3

2 RAYS OUTSIDE 220 Rays BLocKED-OUT OF & TOTAL or 729 nvs

x X= «012037 N . L . )
, 111nultn11mnuluurnu_ptuuuxlrunuunlnunnnﬂrnlIxlu:lntunlurulnllun:nlnnunn_r
Bt S— ) e — g g 1- . e
1 [ 1
N S b ' 1
P e e oo e - . . : . .
N S o o R _
I t 1 1 i i 1
1 ) _ 3 ) ‘ 1 -
I z - 1
i L —— | _ e | S
1 1 1
1 : 1 1 . 1
1 ) 1 1 M - e
{ 1 ] !
1 :
i ) _ 1 ] B i
1 1 . . i i
1 1 2 111 21 _ - 1 . B
1 1 .zszsz. 1 _
1 1 1 12334332) 11
T 1T CleEEITyEar i T -
1 1 1 124) znuunnmn 1 -
I 1123915%¢ SiiEng -
1 1 21 133 sssun 131 12 1 i 1
I i T 11 2368832 11 127 1 ]
1 12 1112 181 2 1 21 _ 1
1 I 111 1z za—‘ I )
I ) ! 1 TH ]
- I 55 5 S e — S
1 ! ? 1 21 z } 2 ) ¢
T I H LI O S DO T O O T B SR T
1 H 2 12321 2 i H
I I 11— 171 LIS A | T
I 1 11 i1 1
I . / - L - _
1
- { e S S S R
1 :.-_m____
. f - e e e ] r,ﬁﬁ____._ .
e — b I e _ - _ . o Tlo.m s
T ‘—r
I — I S — I — r...,,,,,ﬁ.._____ -
uruxuun:Inurnnuluuu1qunu1;_1!11uu1luun1:uxt1:_;_;_1_!1:11111!1111111mrnlluu!zlluuntuu o



H

iz 1008772

IHIIIII_I_I_I_IIIIlIIUI!III_l_!_l_I_II111IlLlII_,_II_I_I_[I!lJiI!I!!!III!I!I?-"I!IIIII!II!I!IIIII]Ili]HI“_IIIIIi_IIiIIIIiIij!t

1 1
1 _ - I g s 1 _
T N 1 | 1 i i T 1
} p - T o L _ B} I
i - 1 - S —— - T -
1 - 1 —
1 !
L S S e e U }
1 1
I - . O o I
1 A 1 1 1 1 T
1 i 1 i _ 1 _
1 [ F4d 1
be e __  { _
1 1
H . 1
i 1 -
1 1
1 1 1 T 1 1 1 & B3 I
1 } 1
I T 1 131 1 1
i | 1 S1113 . 3111 - 1 I |
1 I T Al 1 T I
J 1 233- 1.1 -1)§2 1 < ¥y
1 3 ¥ _I'll!lwﬂ._!d !Ell T l
1 2.1 11i.2.11) 1.2 _ - 1
T 1 137 1a3ziedst 5- T T T
1 11 1112)3341442 7 244343012111 S H
H TITe 112 18 2111 1
1 1 11 172 514133418 211 11 . 1 1
I L% S § T1 &3 TT2SZ2IT Y& Iy 117 _ ¥
1 1 11 1 121238321211 1 11 1 I _
I 1 [ | 22NN 1 1 1
1 1 111 11 151 T 111 1 i 1 B
I I U DU R A SR 4
I 11 11 1 111y 1 11 1
I I I i T 1 1
1 21 11 1 3 1 12l I
1 i f10) 11111 1111 i r
i S W S S B ) ) 1
T - IV 11 I 117 - B 1
1 1 ) 1 _ _ !
1 | T
I 1
- I . ) - S, 1 —
I e ., [

T
I

F

T
IIfI1l!IIIIIIIIIIIIIIIIllIllIl!III!IIIIIIIIIIIIIITIIIIIIIIIIIIIITTIIIIIIIIIIIII

EbENﬁ'H 150000
_ L

Rl{ E;Rgns 220 ﬂAYg BLOCKEDlOUT oF A TOTAL DF 729 nlvs

11111:1:ztlgziiillllllltllll}IIQ}t

,aﬂ.é




X xs ) } ) 3
nmmlmmmulﬂ?ﬁ?uuuutmluunmmmmmmm:mummmm:mmummltunmm:
i i
1 T T T " T o I | T
s 7771 —_ ——am e — e am— e - [ _— - — _— [ —— — [ e e I . —
S : ; . I ) . -1 .
I | —. - . ! . ——rmn
I T | . 1 I N I T 1 CooTTmmT
1 —— I S
1 1
I . e U I
I 1 . 1 1
1. - - I ~
1 _ 1 1
| 1 1 1 I
T T 1
1 1 e 1 1 _
{ 1 1 i 1 i 1 1
- - ! —— -
| * * i '
1711
i i 111 111 1 } _
1 1 1 2 117 1 1 1
1 21 l 1 {1! f ? 2 1 .
I 11 2112 17 . I
1 1 11t 1.2 3 2 111 ] 1
T 5 o ISy ir—— -
I B 1 1 1 1 1 2 i i A1 ~
I 1 1 113 ¢ 9Ni 1 . i
1 ) 1 1 12122224311111342222121 1 i i 1
I - 1132 31213328233 21 2 " 91] T ‘ 1
i 1 112 327 319444713 127 211 1 .
1 T 1 I 1iT 1%30927 i1 i 1
I 2 1311 1133;11 1131 2 :
T 1 1 1.1 11 121272121 11 1§ 1 1 B
i 1 11 112111215121110110 11 .1 +
I ) 1 142131241 L 11 - T Tt
1 1 11 21 5 il 1 : . 1
I T T 1 1T 17 F711T Y 1.7 111 T
1 1 @y 2 1 22 1 1
_ } e & S TN i {__.__ .
o .1 nm i L .
B | 111 1 111 1
i 1
1 T 1
1 1
. _ L O Ll — e T
. _ ;_ _ N T putd e, : ArrExem
1 1
e I — . R e B 4 _
II!IIItIlIII]IIIIIIIlIIIIIIIIIIIIIIIIIlIIII_!__I__I_}_I_IIVIIIIIlII!III!t!t!lll!lll!l!l!llllliuIlII11I;III[IH!IHH}}E!! o

'ﬂEBENGTH' '52550“}““357 PEHT 22 Ri§g°§EncKED!olfTA_OF A ToTaL ur 729 nnvs

- . - [P R [FR—

e Yf“m



X 009290 _ . . o
1:1:1txllrlxtzlltxt:i:1111:1:;11:1;;;1111;:::1111:11tz:xrrrxt:r:1r1z1xl11:1111111:1:111:11111t:tlr:rllrx:l:r:t:t:
i 1T , : _ . :
1 i B 1
1 B - E T S— -
1 - B e o _ N " " §
1 T ) - D
R S N S e ——— e e 1r_ -
} T T 1
. e — i - I —
S R U S I r
_ : . B _ - e ) e .
1 1 1
I i T 1 1 - - Y
N N 1 1 N 1 o1
1 i N 1
1 - 1. — 1 I |
] 1 i 1 . 1?2 1 1 i 1 -
1 T o111 11 i 1
]
I N LI R PR }Wl_ ) 1
i . 1 m 121 iy _1 - 1
1 1 i 1111 1111t i i o 1
1 11111 -
I 1 1 P 11211 } i {
I 21 117§ 11 17i=E 1
1 1 11 2 11 1 1 1
I : 1. 1 B 1
| 1 22 1 33 53125 it 22 1 1
1 1123 zzzzz; 2 111 ' 1 i
i 1 * zazzzle 211 2 1 f
T 221 1 1 32 1.1.1 7122 -
1 1 i $ 2 1525;52!1 2! ¢’ ! 1 i
- 1 1 i 1 T
t : 1 fx 51 125 eisol 221 12 11 i {
T—— - I 12y T 22111851 1 3T i T
1 17 15111 13431 11131 1 1
1 71T 11T 12217 1 31221, i1 11 1 1
1 111 12 & 21 111 I
I T R4} LI 2 S . I “‘
1 1 2 111 21 o o - 1
1 1 11131 T - T
1 11 1} 1
1 - i
1 1
. - - B T
- 1 L . . e i\ 207 M. I s XK.
1
1 1
Y e

IITIIIIIIIIIII[1I1IIIIIlIIIIIIIIIIIIIIIIIIIIIIII[

T
r:l11;31;11lltr!r:1;1;111111111111111rtlrlllllxlrxllltI!IXIttt!r

E?EELﬁffIff '55°°°nA¥s‘SETs§oEHTazz RATS BEOCKED-OUT OF a

TOTAL OF 729 RlVS




b 008704 ’ ] . i . . _
unnntunlnnuiuu; R e e R A R R s R e iRt ta gl taiesassistititaneisiedidasnsisiisisitissitig
1 i
} T T T T - i
. e . L o - 1
1 1
1 S - I
i i
. I - e - 1 .
{ 1 1 1
1 o _ 1 2 1 i o 1 o
1 11 11 i1 Y1 i
1 11 i 11 ) o 1
1 11 I 1T T
1 1 1 1 1 o r
T 1 11 1N T1 1 11 11 i 1 N 1
1 i 1 1 2 . ] 1 1 B i I
1 11 1 1 11 1 -
1 L ' 1 1
1 i 1 1 1 121 1 17 1 1 1
1 11 1 | SR S i i 1 o 1 o
1 1 2 1 ] 2 1 1
} 1 1 . 1 1 1 1 1 1 - !
i n 1 711 11111117 1 11 i_ _ i
1 11 11 1 1 3 1 13 11 1
{ 11 1_ - 13 b4
. 1 I Y 11311 1 1 1 1
I 1 1 11 11 2322 1y, 1i L 1 1
1 : 111 11 il ? 12121 2 11 11 11 e : B
11 1. J22z1212 _1 .
i 1 1 by 3 gagl vl . 1 1
H I 11 I 1 2 1 Ti 1 1
1 1 2 1 11 11 11 1 n 1 2 1 ) 1
{ 1 1 1 INTin 1. . 111 1N i1 1_ 1 }
1 1 11 112211 11 1 1 !
I - 1 11 i i 1 T I S
1 1 l il 12 11 ! l21 1 1'1_1 1 H
T 1 I T 113 1 1 iT T 1 1 _ 1
I 1 11 1 1 RER 11 1 I
T 1 T 1T T ] in ) - I
1. 1 1 1121 1211} 1 1 7
i ‘—"—i‘_“ - T un 1 L R — A *{ R
11 2 2 1 1 ' 2 2 1 1
1 1 1 u 21 127] 21112 11 1 1 o I T
- T e o1 { 11l . { B ,,Frﬁ)!@jz;____
% 1 l 1 { }211 '11 nz} ; 1 l 1 I
- et o s mat et ST e y e
{ I ! 1 ! 1 ! 0 M" I
e - et 1 . SRS -l 1 I
!I!tlntlnnuII!IlIquIIII:I:III!IIIIJ:IIIJI !IIJI}III}!J!UT !lnl}unluulunlnnnllnnnmuuunn :
Srrad Ma Hre i ool inly R
"!EEbE“g' d "““"nﬂs 85755(:8 2 224 nivg SEacnen.our OF & TOTAL OF 729 RavS T
- - _ o i SO A _r ﬂj,,, TN
I G IS




X x= 933158
N 11111,1,11“1111111111J1f1111?1[)1 ullw_l_;_!_x_;unu11nnnunnnrlmlunlnnxlnu:nll.uumlnlInunr
u'ol I A } e e ‘-_Mjb” o
e i 1 1 o Ly g N
1 1 1 1
I 1 Y e e O
1 1
1 o ) S
: 1 1 1 1
' I _ 1 e 1 o S
§ I - 1
? 1 1 ' ! ' i : I e
{1 ! ! ) 1 1 1 i!
3 i T 1 | I T ! B
E T l 1 1 S N 1 1 T _ T 1 1 B
L 1 1 1 i 1 1 B 1
- 1 1 1 1.1 1 1 ! -
= I 3 i i i
- I I 1 T 11 1 1 T 1 1 B 1 T
: - 1 1 % 1 1
: T 1 ) | 1113 523;11 1 T _ 1 i T
: I 1 1 1 1 2ATTITT42 0 % 1 . A !
; 1 ‘ i T T 2258agaaler T 1 I
; I } 1 t 2 2 6442440 2 2 1 1 1
; I - 1 1 22264746222 1 - -
1 1 1 11 55433&1&55 1 1 ! i i
' L) ‘ N - — -
b i 1 1 adb bRt Y, 1 i
, T | 1 i 1. 1121217 . 1 i B
; 1 1 1 1 1 11 1 11 1 1 1 I
i T ) | | SR 12121 F N _ 1 - 1
; 1 1 111 1 i 11 1 1 o 1
: o I | _ - 1 R - 1
1 1 1 1 T 11111 117 1 1 1 1
— it L - g B SO
I 1 ¢ 11 Vi I f
i I I 1T1iyiynn1 T
%Q 1 I
e 1 R S i _
\)\) : ! Far TAL
______ e ——y - —
1 A :
1 I - !
| 1 1
! —_ - _———— . —_ ,Tfffif‘.__- — -
f < o 236 e - - e
! i
Y _
;IIIH:IIIII!III!!II[1111111!111!111IIIuluntunllululnurtrlltnllllntluuuun:nIIIIIIIIIIlIInnnn
GTH 0000 A I H . T T
FT!EIJE" T 000000 8 b, Yng "T2es RV BlockeDsouT oF 4 TOTAL OF 729 Ravs T




e e x ———w x-g = e .014815 E— . P ———— FRp—— e e —_—— -
_;IulluIuIIIlIuJutl!Iu:l:ju!I1II_IJII_I_I_I_!IJuumuuunnunIluulnuuuunnulluulnIn:lntn!} .
1 _ e —— ; .. ) S .
1 - - e R e
_ I S e e N S
14 T 1
1 S 1 CA_ _— N 1
) { i 1 1
1 1
T T
J 1 1 S J
H 1 1  {
1 1 1 1 i 1
i I 1. L_“f 1 _ _A,}A___-__“ﬁ _—
1 1
T 1
1 e o 1
J - J
I 1 i o }
1 1 1 i 1 o -
1 , 1 I I
1 H 1 1 I 1
— 1 i 3 1
H - I ! 1 I 3 b
1 1 1 i . IS 1 I
1 | S 1 13 T 1 T1 1 T 1 1
1 ) AEN . B 1
1 T I LI L% H . T T
I 1 nsnon-rgwua 1 — 1
1 1 1 ’. . - Ly i I ' l - V '
i 121 B4STO4E 131 . - I
i I 4 zl e s1i1Iy ] o1 1
I 1 1 1l n:zmu i . 1 1 I
I T I~ ITTITITEY [ 3 1
1 i 1 141 1 i - L 1
T 1 . 1A T N ¥ :
1 11 ) ¥ 18111 f i1 1% - . I
1 I T11IT "I 1 1
1 I
T 1
_ I - 1
! I P
1 iR rE
1 j{
I I
- i i
1 '@—— I
I T
t
- ——
L Il!IIItIII!ltIlIIII!IIIIIII!IIIIIII!I_;IHI_IIIIIII[IIH!III!IIII!IrIIlIIIIIIIIIIIIIIIIIIIlIIIIII!IIIIIIIII!II!IIII o )
FQEET'E nmv;‘;s OEYEI E 243 RA?Z]EEocKED-DUT OF A TOTAL OF 7;9 nnvs
by




X 010789 ) T -
;1nlnlnnununlnuu LErLIIRT R RSN L INETfITILITINISILIFT _uulu1:1:nnnlununllutu__ prgrreeeIy
- , 1
r - L 1
1 T
I ) — 1
1 1
I - e I | -
1 I
1 1
1 1
1 1 1 1
1 1.
i 1 i . 1
T 1
H 1 1 I
H 1 1 1 _ 1 T
1 1 1 I S I N
1 1 3 N _ 1
J i 1 i 1 J
] 1 ! 1 i
Y T 1 ¥
1 1
1 ~ 1
i l 1 1 1 i 1
. ‘ - - -
} 1 1 I B 1251521 ' ! i 1 }
11282 T
1 1 312, _lli 1 I
! 1 z ;o 121 7 REiIN] R ¥ I
3 34 lg;zgnggmmsza .
T 1 IAPTAINARS :nzza! 1 3 1 1
i 1 e 89395322 1111 ~ !
I 1 _ T zuurnnz 1 z - 7 1
1 1 5 H u 15s 1 22 1 1
11 1
I 1 dz;i i 1 1 I
1 iz
i 1! 1% 8 55 ‘ln"" 1 i
i it I
i o I
i
- 1 I 1
H 1
I - _erﬂeﬂm_
! } ) 1
i < ) — i
- e - _ 8. /05 Aamt "
T Y
1 1
T

ilrtllIlltllIIIIII!IIIIIIIII!IIIIIIIIIU!IIIII!IIHIIIIIIIII!IIII7!!II!1’[1!1I!IIIII!IIIII!I!IIIIIIIIIIHIIIII!II’I

B i

247500 _ IMA

HEIGHT= 3
R;YS EETS]DE 243 RAYS HEOCKEDOOUT OF a TOTaL OF 739 RaYs




g g mBTB‘? e e e o 8 e e e

Tﬁ AAQAAA,,,§1111111_1111;11111111111111u1111;Ixx;111111_1111111:11111111111!1:1:1:1111111;111:111111111111111t1111111111111{ .
C I o o 1
1 1
1 o o o 1 _—
1 |
1 o . o 1
1 1
I 1
T
1 o e 1
1 1
1 } 1
) 4
1 _ 1
I X | § T ¥ l
I 1 i _ 1
1 1 1 . 1 1 1 ] 1
) t —~
1 - _ i 1. - 1
S 1 T 1 1 T T 3 1 1 . L3 T
1 1 L 1 ) 1
I 1 _ 1 1
1 222 1
I i _ 1 1321233 1 1 1
J 1- 3115 13 ' J
T 1 8¢ i C - I
1 1 1 211g3132112 ] i 1
] 1 naly 1811:8:4133 ihan T !
- '““”‘Z‘T‘!is 22 21573311 1
{ 1 1 { }335?3;;?3331‘} fl } 1 1
T I 1 CISNWRTIBRTE I b I
1 1 113 17 43%783&% 1t 111 1 1
1 1 2557s8a i ) !
1 1111 11 31 11 11 irl 1
{ 11 113 IZ 555"21“?1 T §
1 I | 1
1 i 1 1 1 1
1 I 1111111 Y h 1
1 1 1
- % - ;
 puare XAN.
I - = ‘H‘“*—] T
1 1
1 — .
1 1
. Y : - T . I
: < 0. /0% pm. i
I !!llIIIIIIIlIIIIIIXllIIIII!I!IIIIIIIII!IIIiIIIIIIIIIIIIIIIII!1TtIIIIIIIlllIIII!IIII!IiiiiilltllllllltlIIIIIIIII

- PR sogop, S NCh . SEE T, , Rate! EEOCKEDUOUT OF & TOTAL OF 739 Ra¥s




X

,L,U,f,ﬁ},IJIIIJ_J_III_II_ULLuIHIH_UI TITITITRRgRERSTTR LT IITLIqT _Lu,unlLInLu;uxIlunuuulnuuuuutl!

A:nu:;“upm PP ORIty EeRI e at ittt is et ebiitt et ai R iRy iRt eReieieitatiiasstiiititetceiettisitis o

FI.El_-F?. 2

2 RAYS OUTSIOE 245 RAYS BLOCKED'OUT OF A TOTAL OF 729 RAYS

1
1 1
1 1
I L
1 1
1 1
1 1
1 1
1 1
1 1
1 1
I I
1 I
1 1
I ¥
1 I
i ! - ' i l
1 i} T i T =
1 11 1 _ 1
T T - T
1 ) i i 1
I i I 1 wgietdr. . v 1 i I 1
1 1 12 21112 21 1 I
T 23 & §72° ; 1
1 ¥ Y22y ¥ i 1
T I _ 21T ¥ 17 1 : T
1 1 121 1415141 12 1 _ 1
T i 11 232121 i T
1 12132442 5 24433121 1
I ! k) 7. Y1 M |
I 1 121 134233111332431° 1 21 i 1
I 1 I T I YT 3T923es T 7 1 1 T 1
1 12 1 5414 1. 2 1
! LRI P
1 1} 1 i1)8epd8i1 i 111 1
I rrenree 1 I - t
i 11 0y a1 v 1
11 11 Ed
1 111 11 I
1 1 - 1
f 111 f Prrre XXV
I . ]
1 1)
1 1
* - - - 8
_ i 2./0% - 1
1 1
1 T



“L J‘)

iz “e0l1228
lnunnunIlnzunnuuurnxnununn

1SR RRER R RRARA0ARRE3

R LRt R R RaREaoatRetesttsatisstitiey

1 1 T
1 — S I -
1 o
- .- 1 — e 1 . .
1 1
_ I _ . _ 1 —
1 B o T
1 1
1 o 1
1 - _ ) S .
1 1
1 1 __ -
1 |
! o 1
1 Y
1 B 1 o
1 1
) 1 S S
1 | 1 I.
i T 21 121, 1 1
‘‘‘‘‘ 211 zzlru 2 ,,,; -
] 1. 1 - _ '
1 i 1 z‘% 21111 2 {11 1 ] i 1
{ T 1 117 1 131 1 m i1 I
11 11 n 1 !
1 IT 1 'I t J
Y v 3 diihd 111 h I
i ! 31}’,,,5;:,5,*55,,,"3 ! i
1 : ) e T -
1 ! 12E 3 i K 1
T | IT {2 1113 ;ul 7111 T T
-1 1 1O1M)] 2324212 111 1 1 1
1 T 212" 11311 2571 1
1 21 21 _232%2_12)]1 12 1
4 T T 12 21 - T 1
1 1 32138143123 1 1
} TR :
1 11611 i
1 i
: — ——— - Y ;
I _;_,Euzi,m_
1 — B
1 1
- N R B S T ,
L ; . . 0007 hupd. ) ;

lIIIIIIlIIII!Illll!IlIlIII!lll]IIIIIIIllll!IlI!IlIIIIIIIIIIIIII!!TII!

Ff!EbE_"ET—"_ '55°13°RT“95 L '345 ﬂ_sf—cxeo.buf oF & TOTAL?FT;_J\'S

IIII]!IIIIIII[IIIIIIII!III!!IIIll!lll

I!IIII{

, - f—h
=




bb

X A= 005078 o CTTo T
Zﬂ }IIIII!Il!lIIIIIIIIIIlIllIII!I!IlIlIlIIIIIIIIIIIIT[III!I!It!IItrTTIII 1111 ,,11|111:1:1:1:11:;4}1!1:1:111:1t:t:tzri, B
. I ] o :
1 1
1 _ . . LI e i
1 1
1 . e
I 1
H 1
] 1
H I
1 1
! -
1 2
_ 1 1 11 1 11 1 T
H 2 1 1 2 1
1 1 - 1 _ 1
} 1 1 2 1 . 2 11 2 1 1 1
1 i 1 1 1
1 1 1 H 1 a1 _ T P
1 11 1 1 1 ; l i 1 !
1 111 1 T 11 11 I
1 n ' 1} 1 1
I T1 1 I [ I 3 ] i1 _ I 1
1 1 3 113911 1 i
1 11 F] i ¥ 11 1
I 11 1 11 & 11 1 11
_ i I T 1T iry 1 ¥ 1
. 1 1 1 18 1 1 1 1
! i . l_!1 21 2l ) ;:‘llikz;l 2 1 i 1 }
o 1 i1 %:ﬂu _22_1_1 -
T 2 RIS S TTEN B
1 1 1 T 1 1 i i 1 1
T 1 i1 1 12 1§11 2t 1 11 1 T
1 ) : 1 1 1ve 2.1 12 2141 . I -
1 T I I ] Iy 1 1 I
I 11 117 2 1 1.1 . o 1
1 3 ) S I ! T 1 R H R ) | ; i I
I 1 111 11 11, 11 11 111 i 1
I I NI Yi— 12T YTy 0T 1 1
1 1 1 WMy i 1 —
e N T -
i L 2y R 1
1 - T 11 1 3 1 111 i I o
f i 122 22 l { ! Awre T
T 1 g M - _
1 1 21 2V i 1112 12 i 1
b RS 3 5L E S ! - “*‘
] : o 1 115211 _'11 ' ! I
|
E < - 11 ZZ??}‘;‘ZZ! T1 ()07‘1-”- 1
4
1

11
IlHIIIlIllllIlllllIlllIlIIIlIlllIIIlllllllllll}lIIJJIIIIllIJJ!TT'I'Il!IlIIIIIIII!III]IIIIIII!“I!IIIIIIIIIII!I!I!

) 'fvEBENGT"'__'°°°U°RA$E“357§TBEHT 241 Rnfg "BLOCKEDI0UT OF A TOTAL OF 720 RAYS




78

| ittt

_ X= +033070 _ 3 o
T I L L L T O L T S T T T T L T e R LTSRN A T LT LT e
1 1

1
—_— S t
1 o 1 i T
1 ] 3 1
1. e o . . ——
. 1 —_— . 1 .
3 . T
1 1 i i 1 r
1 ! i 1
I 1.1 1 1 .
T71 1 i . 11
1 1 i i i 1
) ¢ 1
1 i 1 1
- H I ¥ T
J . J
T 1 I T | 1
1 i O 1. 1 i 1
) 8 a 1 ) N | ¥ - N =
1 i 1 111 i 11
T I D S | } e ¢ S [
1 : 1 11, . oy ] 1
1 B i I Ui i sy ERE i 1
H ¥ I T u 1'rﬁm:: i) § i B2 B | i 4
3 | i 1 ] ; X S N 1
T T i ¢ M ! N B i |
1 1 1 1 1 :n n: 3, il i i |
T T T W - 1 i
b 1 ) nzs 131 - 1‘ 1 ) 2
) L 11 t ] 1 . T T
1 i N U l 11111 1 ) i 1
1 T I I I Iy s 1 In 1
1 1 21 z 1112111 2. 1 1
1 u ¥ 1
1 1
1 T
1 1
1 Y
1 1
— : -
1
i
1 1
1 - . } Fisrexxwar
I I :
1 _ 1
_ L - — -
! 0.-35 pam > :
xnmtun:mrnnnnununuuImlurunn:un:nununu1uuuxntnmnnunlxnnnununmu
WAVELENGTH 30 EIGHTE
FIEED .o g“nus oﬁrgxqg i RAYETBLOCKEDIOUT OF A TOTaL OF 729 RAYS




x= +015789
lT!I!TlI!lIIIlIlIlIIIIII]IIIITI‘IIHII[I!HI[III]i’lIlIHIIIII”‘i”IIIIIIIIISIIHIIIEIEI!III‘!“HIIII”HlIlTITlTl

—

1 1
1 1
I 1
% 1
1 1 1
1 1
1 1
___¥, e e 1
f
e } e [ m— e e e I 1 }
| S U 1 1 }
1 1 1 1 ) 1
] 1
- r——— —_— ——— — ——n [P — . I
- T B - Y
. : Y 1 1.1 : 111 B 1 1
1 1 1
1 1 - 1
—_— U e e e R | e s .
1 1 i i i )
— ;LT__TL}}I e ) S — S }
e M 2 WP Y et . - i 1
T : 1 ATS24SS0S542%5TY b E— Y T
SR S . . _A99BEESCERLEI0, 1 N . 1
34%TBRETSL] - : . T T
1 354382453 _ 1. 1
B B O 11771 1 s B O T — S =
_ _ SR U 1-5 20 S ‘ I
: T
1
T
1
. - 1
1
1
1
I
\ | 1
%. :
\ 0753 m | I
Inlurlsunnlnléul}tnlurénnn11[1nIIIInIIlnIunnIrﬂtIl!ln:lIIIIrIuIIIutInlIuI:nlInlInunl
WAVELENGTHZ W, 5000 [MAG
FIELD S 2 RAyS DytSIDE 274 RayS BLOCKEDWOuT OF & T0TAL OF 729 RAYS

AATEXRE



S ulelgn
unmlmnzumnnnnuxruunuulmnumrnznnnnnuurnnllrtrnnnznntnnnnll:n1mnn
I 1
1 7
1 1
1 1
1 1
| 1
1 1
1 o o 1
SR - 1
} 1
1
I . . 1
I 1
— ,,,l . — - —_ - l — [ - ‘ — ;
o1 - _ " . 1
1 1 1 7 1 1 1 1
1 i 1 1 _
J - ' J =
R 11 F _ 1 r I o
I i L 1 ! :
I _ _ 1 — — i I - 1 } _
1 1 1 1 1 1
i . 1
3= S e . 1 e i oy e 1 1
_ 1 _ . S ) | e 2l
I I 1 T A § Rl |
1 1 11 282 1 i ) I
-} M —— o .55“..1“ IR N — I - -
1 23 ATATH_ 32 1
. - S S igisiinnﬂzsn:lanlél 1 | - B SRR
I 1364543232444232344443] 1
I I . S 221’37!‘53"‘!73‘5 E331272 . U e e e
1 ) - 1 1292311378731132320 1 1
I I 31 e r z 13T : 1
1 1 { 11 1
I 1 1 1 1 " 1
I 2 21 1
S S - - - ) S 1
1 1
1 T
1 1
- - }
I - . . V P BE_
g.. _ %
1 L0732 pimm !
T i
It 1 TIIITEI 1558801 §3 %4 8¢ 1 TTITIIL 1 T1I 15832289548 023833438 ]
1 uéu}n“{'ﬂféd-” gzgﬁg__:_;___ |20 0888 SRR SRRt sRantRi et ttiesssesssiistiisitt izl ITIIYTY

TIII
w#vEtENGTA*' 475
FIELD & D RAYS QUYSINE 272 RAYS BLOCKEDsGUT OF A TOTA| OF 729 RAYs



X= 010702

iIrIII]IHIIInlIlIIIIIHIIlIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH'II!IIIIIIIIIITIHIIIIIIIIIIIIIHI!IlIlIiI!IHH
T
1 1
1 1
1
t i
1 1
1 1
1 o - o - 1
1 - , 1
xo . i 1
1 1
t 1
Iy S T T Y ) 11
S _ 3 I
i 1
_ 1o R _ 1
i 1 |
1 1 1 1 v
i , o - e e
_r e S 1.1 e} 1 T - 1 B
i ! i I
I SR B S L N _ - L .
1 1 i 1
1 . - ! o
T I D S | 5 | B i A T
. | e e oY ompz oy e IO I
T 1 1238321 1 1
e . S e 1 2235322 1 e r
} 1 TTTE TpE1132219%91122 21 1 1
1 171‘32 23 132 231 32 zuyl 1 1
. SR TR3 T2 1€ 1T 1B e i e I
___f - ~ R ) ,11332131113252211131?13117 3 B } i B
T i . T 2 134361231371321634% 2 ’ - 1
1 16114484446441160 1
R 171 ‘ses 1111 1
- 1 111 i - !
1 1 1 1
1 3 T i
I ) o S U B B I
_— - — _ }
I 7
e _ R B N rf’m : XXXL
1 1
1 1
I I L o ' O A pam, I
e — 1
nrnunnnxuuuuunuunn1111:111nunnuununnurrnnnlnnntnnnnunluInullnnnntu

WAVEFLENGTH= -50030 IMAGE HEIGHT= -}
L

FIELD

o2
RAYS -OUTSIpE 2?2 Rﬂ*SEBLOCKEDlOUT OF A ToTnL 0OF T29 RAYS

P03



X 010614
IIfI!ItlIITIIiIIIIIIlIIII[TiIEIlIIIIIlllIIIIIIIIIIII!I!Il[lIIIIT'TII!IIIIIIIIIIIIIIlIlIlIIIIllllTlItIITIIIITITIT!
1

2 pAys VUTSIDE 272 RAys BLOCKEDsOUT OF 4 1OTAL OF 729 pAvg

I
1 I
1 1
1 1
1 1
oo 1
* _ g
1 f
S e ;
1 1
- T - — — =
PR —— [ - - —_—— . t
1
IR S _ A : ' i
! 1 o . L S T i . B}
I R | 1 1
- 1 ; S l 1 1 S 1 LR N — IR .
f 1 & R R
b BUSEEE SRTE F 1 5 RN S B
__ b ! , u edafibale v T i .
i ! z#z%:&%izs‘i‘szééliéa‘z ! *
] ) i Ifi?éallslll§11151*5%1131 B! o R ']“‘"""“'“*A‘"
B ] B LLARIBHN R, f
U < ' = R
i Tt i
% ) ) _“1 1111 ;
_ g . e e L _ i Flare ZTRXH
I < I
I e e e - i -
1 I
1 T o 1
HﬁVFLENGTg 11l ;éé;rl};gxl:ﬂé¥6ﬁ4111[_;11IIIIIIIIIII;_IIEItIIIIIIIIIIIIIfTrIIlIIIIIIIIIIIIIIIIII!II::IIIIleIl1111111111;r
FIELD 5



X Xz «11G0RR ) .
Irnnumul:unIunnzunnuuuunuunnunnnnmnuuzntnnlurruunmunnulxnxnnnn
. '
1 1
1 1
¥ 1
1 1
R |
} ,,,,, e e i
e - 1
1 1
N S } R 1
1 - 1
,qu e - - 1
t
—f P - - ; 1
1 ~ t
1 i -
! 1
s 1 - T I S R Y i i - e
B S B _ o — _ e 2 RE. 1 1 - -
{ 1 11 f it i 1
_ _ . Y .11 111113111 ) i L1 _ _ 1
r 1 ITT1111 2 1 I
. i 1 — ey 2 2111112 2 e SR S el e
T 1 3 1 1 T T
1 A, _—e 1 21111431100 1. . Lo 1 _ _
- 1 T} 1 ng'l%n I o ) I
1 1 133112.3 % 3 2131 1 i 1
—1 - U W W 'éﬂllz *zflﬁz I S . 1. 1
I 1 15342121 3 1212435 i I
H L e ‘"'*""l_%fﬂ 2*%‘1'1‘1‘2_‘! e e
I 1 i 22].22 12121 22.17% 1 i 1
T T T """"'1'!‘11{2 & 11Y 4211y 1
1 131 31 1.3 1139114 1
1 “ : 221213125“ 4 1
1 ) 112221131122y I
P S — A -3 B B e T V-4 1
1 514)4]4 I
1 i ! _
I 13746473 1
T - 4Bs 1
{ - I _ _ 1 } Pinye TIEL.
i 1
} .‘;_;_~___ {
1 1
R e N R e Rt Rt R i AR Ea R R a R a e Rt R iRt EeRa o Ra st nentstiitatiatetastititiit,
WAVELENGTHE 455000 TWAGE #tIgH¥s - H,p3em — = —— s : _

FIELD & 2 RAYS OUTSIDE g7 RAYS BLOCKEDOOUT_OF A TOTAL OF 729 RAYS



- - ‘ n m M. ’ w m “ wi‘w« m m m m - . _Am_“
.

1
i
b

= 009444

O ot ] vt ot okt e g ....u_.._..-“-q._.x

o1 1
e e — - 5 2 7
. B 1 1 15 U
11 1 1 L |
g _ - 1 1
1 1711 1 Py 1
1 1 v o
o o - T 17Ty 1 o vIri o
S ISR S SN | SR S S
i 1 1 1 1§ 1 1 1.1 11 1.
L B . LI SR W S S SRR 2 ¢
1 2 i 1 11 1 1 F4
1 1 131
T 1 T T7171 2T I3 12 _ T 11T 1
1 1 15 12421 1 1
S S R s B -2 7 3o
1 1 I 11 111 1
R T e 227"1T771 12 177171 2 211
1 1 1 211121 112 1 1
1 T ; "
I ! 2 1 11 1211121 l1 ! 1 2
. _ N T _— . i E
4 ! 1 11 3 T 1 1% 3 11 ll 1
—e g - .- S ; : i -
I 11 2 1 L2 11
ot Ty g T
1 i 11111 1 11 1 11 1
I - - R S | T C o T 1
1 1111 11y 1!1 1111
T - T o 11 1 Y
1 2 11 21111 111 2_11 2
- - I - - T Yoo
1 ‘@ 2112 21 12 2117 2
T - T 2 11
1 11_211 112N
T e ) 11 41} 1 114 1}
I ) 213 ne
S - s e — - '”""“'115121511

FIELD 5

¢ RAYS QUTSIDE

274 RavYs’ BLOCKEL»OUT OF A TOTAL OF T29 RAYS

-

5

UN
wAvELFNG‘H!ll”1136&6”’}\{\1&7&1“}&‘{‘1u“51%”””II”“IUI”JN J‘IIIII""IIIIIIIIIIII!IIlIIIlIIIIIIIIII!TIIIIIIIIIIHII

B
1
g e
’Gfmrn

ITTIITII‘[IIIIHITIIIIlIIII]IIT!I]I]III]IIIII]IIIHI[III!IlT!I!’Tl"!IlIlIIlIlIIIIHIIIIT!IH!“IIIIII“THIII!UII

P




x e W ARTNG

1T1IrrVIIY!!;EI1T1[}TITI(lEI[IT(TITTTI[I[iT!IiIlIl]llIITl[IrITTTITf[TTTTlITTIlITII!IlIIYTIIITIITlllTTFTITITTTlTET
T

;
T 1
T I
T 1
T 1
f 1
i 1
I 1 1 1
T 1
1 1 1 I
I i ] 1 1 1
1 i 1 1
I 1
T 1
T T
T 1 1 1 1 1 1 1
T 1 .
1 ! 1 1
1 1 i 11 11 1 1 I
T 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 11 111 111 1 !
T t 1 ] I 4 1 1 1 1 1 1 1
1 1 1 1 I 12211 121 1122) % 1 11 1 1
1 1 2 26661114662 2 1 ’ 1
1 1 1 1 11 239PYP93 41 1 1 1 1
T 19 1 1 111R8Z8111 1 1 i1 1
1 71 1 2 21518912 2 12 1
1 2 111 111 2 I
1 1
1 1
1 1
T 1
T 1
; ] . O TEE e %
T 1
7 1
7 I
¥ T
! }Pzrffc’_ﬂ
T 1
1 I
T 1
1 T
T 1
7 1
7 1
r . - 1
rrrnrin]nnrnu[vntlHIITTTHITTI!I!utul1!11I[nnnHnnnnnnnulnrlrunnlnrlhrlntvrirtrunn

WAVFL ENSRTHE wa YO0 (MAGT mETGHTS AL5R%R
Fleyr 2 4 kTS OaTsnE 4 RAYS HLAFKREDWUNT OF & TOTAL IF Tag Rays

fo( af;_\.qu |



X I PP

Hn'w[winiIHH[irrrrilIlIHirHnnnnr]unl;ulU!Irr!lwI]T!I!I]TIlIlIlI!TII!Il'rlrutvlIHHIHIUI!IIIII!
1 ¥
T L
T T
T T
1 I
v 1
t 1
1 1
1 1
1 1
1 1
T ] 1 1
T 1 1 1
T ' I
T I 1 1 1 11
T 2 1 1
1 1 -
1 1 1 1 1 1
1 1 1 1 1 1
1 i 1 1 1 1 1 I
i 1
T A 1 111 1 1 111 1 1 1
1 i 1 1 1 1 i 1
1 1 1 1 111 111 111 1} 1 1 I
7 ) 111 111 1 I
t 1 1111 1 111 ! ‘ I
1 1 311124 2 421113 1 I
7 11 SU5H4426462448805 1) I
T 185954 4144595<1 1
1 259020957 1
] GH9 1
T 181 1
1 7 1
1 1
) 1
! !t ¥ w7 ST
1 1
T 1
T 1
T 1
! 092/7.”)?1 I
1 1
1 1
T 1
1 . 1
T 1
T I
T 1
T I
T I
1

TITrITT!T[TTIIFITllT?1TTY!TIlT!I(l?TTIlIlllIIIllIIIIIIIIIIIITTTITITITIIIIIIII!IIIIIITIIIT!IITIITII[TIT!1!I!ITIII

WAVFLFNATHE PR Y {MAGE HETGHTSE A BESR
‘wﬁ&” 4

Fleln 2 TGAS TS INE A0 ROYS nLnrKED LT OF A TUTAI, OF 729 RHAYS



¥ Jlnne?

Illr‘ilv[HTTIITITIHTYIHIII[ITlTlT!TlTlHTlIlIITIIIIII[1T”IITI1TTIIII]’HITIl‘lIl'lTIl’!IllIIIT]ITIIITITNH”!?III
T

1
1 1
I 1
1 I
1 1
U 1
1 1
' 4
1 1
7 1
1 1
1 !
T 1 1 I
t 1 1 1
i I |
1 1 1 1
I 11 1 1 1
1 1 1 1 1 1
1 1 ) | 1 1 : 1
1 ] 1 1
T 1 1 1 1 1 1 1
1 2 2 1
1 1 1 1 1 1 1 1 1
I 1 11 1 1
1 i 11 1214 121 11 1 1
T 1 2 1 1 2 1 ‘ 1
T 21 21111 1 1t1tp} 12 1
1 24211 121313121 11232 I
. B47542341 3 143245748 !
! E234%4441U]1 4444537 1
1 123644M44H732 I
T 3%AARR] 1
T 696 T
T 121 1
1 141 1
1 !
1 (I |
1 T
T 1
T 1
1 1
; 0475 mm } Pt XY
t 1
1 1
' 1
1 1
T 1
1 1
T 1
1 1
r:r:rnnnunnurru[1unnuunuunuuuulrnnnnrrIrnnuunnnnturntnurtnrlnanrtnnnr

WANEL FAGTH= L u250" [ 1MAGE RETGHTSE 6,.555%A
FikLy 2 2 2A¥S 00TSTINF 30N A8YS B ArREDSLHT OF 4 TUTAL OF 128 HAYS

Tt Dﬂ



X f= JATeRR]
HTHY!lHTHET'IYII[HT'II!II[!I!THIT!I!TEHIIIHTIHIlI!IIT!TTI‘IHITIIIHIlIlI!TI[lIlIlTIIIHI!TUIHHII”II‘I’H
i . 1
¥ 1
1 1
! 1
i 1
T I
) 1
T I
1 1
¥ 4
1 1
1 1
1 I
1 1 1 1 A I
1 1 1 I
1 I
1 1 1 i 1 1 1 T
1 1 1 1 1 1
T 1 1 1 i 1
H 1 1 i 1 1
H  §
1 1y 1 ) 1 1 11 1
1 1 1 1 1 1
1 1 11 1 I
1 1 1 1 11 1 1 1 1 1
T 111 11 11 111 ’ I
1 112 1 1 » 111 H
T 11 111 1111 111 11 1
1 1 111123221939122321110 1 [
: 3664214595 66F66 S54122663 !
1 24327 2317671372 2231321 1
1 223 3358533 357 I
T 132288522131 1
' 1358531 I
T 292 1
1 1 I
T 1
T 1
T 1
1 1
T 1
: g1 T mm. 1 PLATE XEXVH
14 1
' I
1 ¥
1 1
T I
1 1
T I
T I
TITTHTITIIHIIETIIE!IIII!IIITTII[lTT[IIIHIIIllIIIIITlHI!TITVIITIIIIIIHIII[IH!IIHIH!IHIItHIIITIl‘rlHIlIH
NAVFLENATHE  RA0AY  IMAGF HE rGHTE &,5599
FIer = 2OUATS QUISINE 300 RAYS slArKERsUUT OF & TUTAL JF 779 RAYS

fat



X ™ LR -
YT’!!'Y.TH'[IHEHTEII!ITIl'IIII!THI.TETIII11!TIIIl]lII‘!Il!TlIIIH'IIIIHI]IIlIlIlTT[lIIIlIIIHITlIlTHHTIIHHHIII
T 1
1 1
! 1
! 1
! 1
1 T
I L
! 1
i 1
T 1
T t
I I
I 1
1 1 1 1
Y 1 1 1
T L ] 1
1 1 1 1 .
1 11 11 T
1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 I
I -l 1 1
I 21 12 1
X 1 1 11 11 1 1 1
I 1 1 .1 1 L I
T 1 1 1 111 : 111 1 1 1 ‘ 1
T 1 1 3424283 ) | I
T 1 1 1 14343434 1 1 1 1
1 1 112455455421} 1  §
1 11 411113323¢323311112 11 1
1 1 121313321812331%121 % 1
! 352 11 25252 17 2453 H
I 3122 213303312 2213 I
T 113214 8 412311 1
1 12154512) 1
1 . 26762 1
T 4 1
T 1
I I
i 1
T i
; J.138mm. 1 PLATE ZRRE
T t
i 1
T 1
1 I
1 1
T 1
i 1
¥ 1
rIrITTHHn][TINII!T‘l[IlHIITIIEIHIII!IIHIIHIIIIIIIIIIHI!IIIII!IIIIIIIIIIH!HIIlI!IIIYIIHIIIINIIIIIII[!I
WAVEL ENATHE =250 JMAGFE BETGHTS £,5B85R e
FIRI 2 Fooays ONTSInE 372 AAYS BINCKEDsUNT OF A4 TUTAL OF 729 RaYS

Q 6 (’f\.\\



8 ¥= PR R R T
1[¥1T'!TTIT{IT?TTIIIY!T1TlTlf!TiTl|1TiIlIlIf1kllIIill[]l1TIT1IYT1TTTTIITYTITIIIIIIIIIII!IIIITII?TlTTTTtITIFT!TIIT
v . 1
T 1
T 1
1 1
T T
T * i
1 1
T 1
' T
T 1
' 1
T I 1 1
T 1
T 1 - 1 1
1 i 1 1
T 1
1 | 1 I
T ) 1 1 1 1
I 1 1 1
1 1 1 1
t 1 1 )
] 1 1 1
1 1 11 11 1 I
1 1 1 -k 12221 1 1 1 1
1 TS| 1 1112111 1 1 g LI ) I
T 1 1221 111 122 1 1
1 1 1y 13112421242)11 11 1 4
T 1 1336331 1 1
T 1 1122 46164 211 1 1
: L 1111323231115 1 !
1 11 12 222424222 21 1 1 1
¥ 1 1821112111221 1 1
1 11 221 3 3 3 12» 11 1
1 I 32 211n112 231 1 1
T 2311122 11 11 2211137 1
T 113 1 3712123 1 311 1
T 22 421 124 2= I
! 11322422311 1
1 36363 1
Y 191 1
T - 1
! Y punre IL
T 1
T I
1 1
¥ 1
! O. /e85 mm. _ | I
' 1
' 1
1I177TVI!II11lrITLIIr!TI[IIXfITITlITTIIIIIITT1111!IlT!IEIiIII!TlIIIlIIITIIlI!IIlI]IlIIIIIIIIYIIrTITIITIITIITIIIIL

WAVE| CHATHE 22000 [wAGE HETGEHTS f,9808
Flesn > ?OGAYYS DOTRINE 3 e RAYS N AEKEGLULT OF A& TUTAL OF 729 HAYS




¥ Yz AR RS
rlrrrTvUIH,iriTiTtvrlIlIrHH.!nrrrlrI!ltHlilHIIEIHHH!IrTIvTIrIHIlI!IIIIHIIIIIIII!I1I_lr[ITTITIlrIYTH]II

) 1
i 1
T 1
1 T
1 1
1 : ) 1
11 : 11
1 . . 1
1 1 1 1 1 1
1 1
T 1
T i
T 1
L 1 1
1 1 1
T 1111 1 1141 1
I 1 11 1 11 1 1
1 11 111 1 111 11 1
J 1 1 n 1l 1 J
1 i 121 11 11 12 1 ' 1 1
1 1 1 i1 1 11 1 1
T 1 1 121 11 1 111 11 %1 1y 12t 1 1 1
Y 1 ) i1 1121211 121211 11 1 1
1 1 1 12 1 1 21 1 1 1
1 12 1 11111 1 21 1
1 1 1 12 ) 1 1 21 1t ' 1 1
T 1 11 1 1 1 1
T 1 11 11 11 11 1 1
T v 11y il 1 1 11111 1 I
1 ! 1 2 1 1 2 1 1 1
1 1y 1 1 : 1 1 11 1
T 1 1 1o 1 1 1 i
1 121 11 1 121 1
T 1 1 11 1 1 1 o1 } !
T 2 iy 1 1 11 21 1
T 11 1t 11 1 1
1 1 211111 11 42 4 T
T 1 1. T2 11 1 1
1 Lor 121221121 v 1 1
1 €12 r 21 =l 1
1 i 2114117 1 1
T 1111221111 T = [¥T
: 1 212 111 212 1 p feATE
1 11112 2 2111 I
T 213313317 T
T 2123712 1
T EELPY) 1
* 131 6. 1o tmb !
.

v 1
1 I
T Ty I R L L L L T L T L T I T e T Y L T e T v B Pt RN IO T IR Tt I LN I R vt e 2T e IvtTTTTLIL

WAVEL P MATHE  JASDNY JAAGF HF 1GATS (1193
Flern 2 VEAYR GRTSINE 3R RAYS AL asrKER«UNTY UF A TUTAL OF 720 HAYS

‘ Zaﬁb
f 4



