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FOREWORD

This report was prepared by The Perkin-Elmer Corporation for the
Department of the Air Force HQ Space and Missile Systems Organization under
Contract No. F04701-71-C-0376. Captain Raymond W. Rasmusson at SAMSO was the
Project Officer and Bruce M. Boyce, at Perkin-Elmer, was the Program Manager.
Contributions to the program were made by R. Grosso, B. Harris, D. Harris,

J. Kreuzer, and W. Schreyer.

This report has been reviewed and is approved,
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ABSTRACT

This report describes a General Unwant.od Energy Rejection Analysis
Program (GUERAP). In addition to being a user's guide for the program, the
report presents the theory behind the program.

A deterministic approach to stray light computation is presented
in terms of:
(1) Differential ray trace methods
(2) A ray theory of diffraction

(3) A set of perturbative view factor matrices which allow

the more important stray light effects to be calculated
first

Some experimental verification of the calculated results is

presented, as well as a description of how to use the program.
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SECTION I :

INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

This document is the user's manual for the GUERAP II computer pro-
gram (General Unwanted Energy Rejection Analysis Program), developed for the

Space and Missiles Organization (SAMSO), United States Air Force, under con-
tract number F04701-71-C-0376.

The basic purpose for the development of the GUERAP II1 computer pro-
gram was to develop a tool for the analysis of the off-axis rejection capabil-
ities of optical systems having the requirement that they operate in the

presence of sources of unwanted energy many orders of magnitude gr:ater than
the targets of interest.

To accomplish this goal it is convenient to establish a figure of
merit for the energy rejection capabilities of the system. The figure used
here is the Bi-directional Reflectance Distribution Function (BRDF) which is
defined and discussed in paragraph 1.3.1. The problem for the GUERAP program

is thus: Given a specific telescope configuration what is the telescope BRDF
assoclated with this configuration?

This report describes the theory of operation behind the program
as well as providing a User's Guide to the operation of the program. The re-
mainder of Section I describes some basic features of tuc program as well as
a discussion of the off-axis rejection parameters. Section II contalns a
description and definition of certain concepts and terms used by the program.
Sections III and IV contain the basic theory upon which the program operates,

while Sections V and VI describe the procedures necessary to operate the pro-
gram,
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1.2 BASIC FEATURES OF THE GUERAP I1 COMPUTER PROGRAM '

1.2.1 Ability to Handle Generalized Optical Forms

One of the basic features of the GUERAP II computer program is the . ,i
ability of the program to analyze virtually any all-reflective optical system,
having any number of mirrors in any configuration, The generality of optical
form capability is achieved by the method of entering an optical system as a
sequence of simple optical system sub-elements, such as mirrors, apertures,
and baffle sections, Virtually any optical form can be synthesized by the

proper sequence of these simple system elements.

1.2,2 High Sensitivity and Accuracy

The design of the GUERAP II computer program was aimed primarily
at the analysis of systems exhibiting very high off-axis rejection to achieve
this goal; it was felt that the method of computing the stray radiation terms

should have no inherent performance (sensitivity).

To achieve this goal, a deterministic approach to the computation

of the stray radiation terms was taken, rather than a statistical approach.
Thus, each of the stray radiation terms arising from the phenomena of diffuse

scattering from surfaces and diffraction occurring from edges is computed in

a deterministic rigorous fashion.

Two achievements were required before the deterministic approach
could be implemented. The first was the development of a generalized differ-
ential ray trace routine, which permits the tracing of rays through an optical
system along with a measure of the ray weight, as determined by the areas of

the ray. In addition, the differential ray trace method also facilitates the

performance of a number of required calculations within the program that other-

wise would prove difficult and costly.

The second achievement was the development of a scalar diffraction
theory that permits the description of the phenomenon of diffraction by the use
of rays originating from edges. This method allows the rigorous handling of

multiple diffraction sequences, such as ti.ose that occur in systems limited by
triple diffraction,
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1.2.3 User Modes

Although the stuted objective of the program was to develop a com-
puter program capable of predicting the rejection capabilities of an optical
system, it was felt that an additional capab’lity could be added to the pro-
gram at little cost in complexity. Thus, the GUERAP II computer program is

designed to also serve as a design aid tool for the development of new sensors,

as well as functioning as an analytical tool.

To enhance both the design aid and analytical modes of the program,
GUERAP 11 categorizes the computed stray radiation into a number of categories,
which can be used to make deductions on the system design feature that may be
limiting the rejection capabilities of the system under analysis. In addition,
the program hes a design iteration feature in which the dimensions of various
system elements (stop diameters, etc.) can be varied within a run to facilitate
the examination of the effect of that design feature on the overall off-axis

rejection capabilities of the system being examined.

1.2.4 Use of the Program

The GUERAP 11 computer program is designed to provide a measure
of the off-axis rejection capabilities of an optical system design; however,
before the system implications of the result of a GUERAP 1I analysis can be
properly understood, some basic terms describing various aspects of off-axis

rejection analysis must be defined. This done in the next sectiom.

s e sl vt
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1.3 OFF-AXIS REJECTION PERFORMANCE PARAMETERS

1.3.1 Bi-directional Reflectance Distribution Function (BRDF)

The scatter characteristics of a surface can be obtained from the
Bi-directional Refiectarce Distribution Function (BRDF), which describes the
fraction of energy scattered or diffracted in a given direction as a function
of two angles - the angle of incidence 8 on the surface, and the angle $ between
the direction in which the stray light is measured and the direction in which

the specularly reflected energy propagates.

The BRDF, as shown in equation (1.1) below, has the units of (fraction/

steradian), and can be physically interpreted as the amourt of energy p(6,¢)
detected by a detector located at some angle ¢ with respect to the specularly
reflected component, divided by tie total incident radiation P, and the solid
angle subtended by the detector QDET' Thus,

BRDF (9,9) = ZX%:)

= (Fraction/Steradian) (1.1)
o] QDET

Just as the scatter characteristics of a surface can be described
by a BRDF, the scatter characteristics of a complete optical system can also be
described by a net system BRDF whose meaning is analogous to that of a surface;
i.e., the net aystem BRDF describes the fraction per steradian of the incident
energy that is being scattered onto a detector whose position in the focal plane
is such that its angular displacement from the source of the collimated incident
energy is the angle ¢. (See Figure 1-1.) The complete system BRDF will be a
combination of the effects of diffuse, diffraction and specular means of propaga-
tion of stray radiation; the use of this system BRDF in deriving two measures

of system off-axis rejection performance is discussed below.

1.3.2 Point Source Rejection Ratio (PSRR)

For optical systems which have the requirement that they be able to
operate close to a single bright point source, the system performance parameter

of interest is the Point Source Rejection Ratio (PSRR), which describes the
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amount of energy frum the unwanted point source detected when the system's line
of sight is displaced an angle ¢ from the point source, with respect to the
amount of erergy that would be detccted if all of the energy incident on the

aperture from the point source were being collected by the detector.

PSRR(8,8) = EégLﬂl = 5(0,4) - QDET 11.2)

o

Thus, the point source rejection ratio is simply the BRDF of the
system, multiplied by the angular subtense of the detector being used.

Using equation (1.2), the amount of stray radiation from an unwanted
point source can thus be written in terms of the PSRR as

P(ev¢) = PSRR(0’¢) > PO (1'3)

1.3.3 Extended Source Rejection Ratio (ESRR)

For optical systems having the requirement that they be able to
operate close to a bright extended source of unwanted energy (such as the earth
or the sun), the system performance parameter of interest is the Extended Source
Rejection Ratio (ESRR), which describes the ratio of the amount. of energy from
the unwanted extended source that is detected when the system's line of sight
is displaced at some angle (@) from the edge of the source, divided Ly the
amount of energy that would be detected if the source were being imaged directly
onto the detector at the angular position 8.

Thus,
ESRR(0,q) = 5}%9'91 (1.4)
d o
where

H(8,qa) flux density at angle 8 due to extended source whose

edge is displaced an angle o from the detector position.

H = flux density of direct image of extended sourvce.

RNy

o

s
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To evaluate the Extended Source Rejection Ratio, the integral

shown in equation (1.5) below must be evaiuated. Note that the numerator must

e be integrated over the entire offending source to yield the total scattered
as energy falling on the detector, while the denominator is evaluated over the
- angular subtense of the detector to yield the :nergy detected by the detector

when the source is imaged directly on the detector

f' flsézgcs

i, ESRR = ff AP, (1.5)
DETECTOR
¥ where
AP¢ = incremental stray radiation flux ¢atected from each in-
o cremental area of the source that is not directly imaged

onto the detector.

AP = incremental flux detected from each incremental avca of
[ the source that s being directly imaged onto the detector.

Evaluation of equation (1.4) yields

.- ESRR(8,0) = [[ 5(0,9) d¢ (1.6) |3
SOURCE

The Extended Source Rejection Ratio can be seen to be the integral

- of the system BRDF over the offending extended source; it is worth noting that .j
e the Extended Source Rejection Ratio is independent of the detector size being ;z
o= used, unlike the Point Source Rejection Ratio, which 1s dependent upon the i

detector size.

BN

Using equation (1.4), the Stray Radiation Flux Density from an

L] unwanted extended source can thus be wrltten in terms of the ESRR as

e s e e i Al

H(8,0) = ESRR(8,a) - H (1.7)

R T S
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SECTION II

BASIC CONCEPTS

2.1 INTRODUCTION

: In this section, the basic terms and concepts employed in

using the GUERAP program are discussed.

As mentioned in Section I, one of the nrimary goals for
the program i1s that it be capable of handling all types of reflective
optical systems and baffles. This is achieved in the program by defining
mirrors, stops, and baffles of such basic forms that virtually any all-
reflective system can be synthesized by an appropriate sequence. In the
following paragraphs the basic system elements from which a given opti-

cal system can be synthesized are defined.

2.2 BASIC SYSTEM ELEMENTS

This section is divided into the following paragraphs:
2.2.1 Coordinate Systems
2.2.2 Sections
2.2.3 Mirrors
2.2.4 Apertures
2.2.5 Tubes and Baffles

2.2.6 Standard Sections
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2.2.7 Wild Card Baffle Section
2.2.8 View Factors

2.2.9 Diffraction Sequences

2.7.1 Coordinate Systems

In an off-axis optical system, the program requires each sur-
face to be specified in a coordinate system nzcural to that surface. The
following paragraphs show how these different coordinate systems can be

specified.

L) The first step 1s to determine a reference coordinate system.
For GUERAP the entrance aperture plane 1s usuallv defined as the ref-
erence X-Y plane since source angles are given in this coordinate system.
The Z axis is normal t» this plane, positive Z-axis in the direction of
propagation; the X aud Y axes are defined in the X~Y plane to yield a

right-handed coordinate system. This system given the number 1, is the

reference coordinate system and is predefined. Other coordinate systems
are defined with respect to the reference system or other coordinate sys-
tems previously defined, and given the numbers 2, 3... etc., in sequence
. as they are defined. Thereafter, the coordinate systems can be referred

. to by number.

Coordinate systems are defined in terms of a tramslation and

a rotation (by the three angles B, Y, § called the Euler Angles of the

o s

coordinate system) from a previously defined coordinate system. (See @

o Figure 2-1.) 8

Multiple coordinate systems allow all surfaces to be speci-
fied only in terms of sizes and shapes and never in terms of tilts or

rotations, since the prezram 1s able to handle these by coordinate trans-

-

formations within the program.

LR
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(Xl, X2, and Y1 Are Intermediate Axes)

Figure 2-1. Euler Angles
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2,2.2 Sections

“ections are the means by which the various surfaces are linked
together to form an optical system, Each section encompasses a local region
of one of four types; standard baffled section, end section, concave mirror
section, and convex mirror section (these section types are described in para-
graph 2.2.6). A ray can pass from one section to another in three different
ways: through an aperture, through a hole (described below) in the case where
both sections are standard baffled sections, and by the wild card baffie

mechanism, described in paragraph 2.2.7.

2.2.3 Mirrors

A mirror may be either flat or spherical, concave or convex. A
concave mirror may have a central hole or obscuration, and may be limited by
a circular, elliptical, rectangular, or rounded-rectangular aperture (convex

mirrors must have circular edges).

Figures 2-2 and 2-3 shows some examples.

o i

2.2.4 Apertures !

An aperture is an opening cut in a plane to allow a ray to pass ;
from one section to another. There are two types of apertures; positive aper- ;
tures are holes surrounded by a plane; negative apertures are solid central ]
areas surrounded by a clear aperture, An aperture may have one of four geo- 1

metric shapes; a circle, an ellipse, a rectangle, or a circle convolved with
a straight line, An aperture is always perpendicular to its axis, Apertures
may be used singly or in pairs, e.g., a ring with a clear aperture on either
side would be a combination of a positive and negative aperture. (See Fig-
ure 2-4.)

Apertures are used as limiting planes in the program. For example,
an aperture must limit the extent of a mirror, two apertures must limit the
extent of a tube, etc. Field stops and Lyot stops are described to the pro-
gram as apertures. Apertures are also used to aid the program in finding paths

through the system, as described in paragraphs 2.2.8 and 2.2.9,
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2.2.5 Tubes and Baffles

A tube is a cone or cylinder with one of the following cross-
section shapes: circle, ellipse, rectangle, or convolved circle and line.
Tubes are used to limit the rays entering the system, and to limit ray paths
once the rays are inside the system. Tubes may either be simple surfaces, or
may be ringed with baffles. These baffles must have their edges lie on the
surface of an imaginary tube. A tube may also be used to describe a hole cui
in the side of another tube (sometimes necessary in a system with an optical
axis folded at an angle other than 180°). Tubes may also be used to describe

structural elements such as struts (ref: wild card baffles, paragraph 2.2.7).

2.2.6 Standard Sections

Each of the four standard section types: standard baffled section,
end section, concave mirror section, and convex mirror section, is cescribed

below. Wild card baffles are discussed in Section 2.2.7.

2.2.6.1 Standard Baffled Sections (See Figure 2-5)

A standard baffled section consists of one or two tubes delimited
by a pair o* apertures. If the region being described is inside a tube, that
tube is called the outer tube, If the region being described lies outside a
tube, that tube is called the inner tube. A standard baffled section consist-
ing of both an outer and an inner tube lies between those tubes, All tubes

and both apertures must lie in parallel (or the same) coordinate systems.

A standard baffled section may have one to two holes to allow
additional means for rays to pass from one section to another in off-axis sys-
tems, A hole is a semi-infinite tube bounded on one end by an aperture. Any
part of the apertures and tubes described above that lies within the hole is
non-exic.ent. The aperture and tube describing the hole must have parallel
(or the same) coordinate systems, but these coordinate systems will not, in

general, be parallel to the section coordinate systems,

2.2.6.2 End Sections (See Figure 2-6)

End 3ections are used in off-axis systems to interface an aperture

to a tube, where the normal to the aperture is not parallel to the axis of the

14
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tube. If desired, a second tube mav also be interfaced. The aperture being
interfaced is called the odd aperture. Each tube must also be bounded by an
aperture whose normal is parallel to the axis of that tube. The end section
then consists of the region in each tube between its normal aperture and the
o odd aperture. Portions of a tube or normal aperture lying inside the other

tube (if there is one) are considered to be non-existent,

2.2.6.3 Concave Mirror Sections

Concave mirror sections consist of a concave (or flat) mirror to-

gether with one or two limiting apertures and an optional central obscuration,.

. A concave mirror must be limited by an aperture describing the
portion of the entire surface (sphere, conic, or plane) which is t"e mirror

{ surface. The center of the mirror may be cut out or obscured. If so, the
concave mirror section must be bounded by an aperture describing the plane
of the hole or obscuration. Further, for an obscured mirror there can be a

further obscuration in the form of a tube (with or without bafiles),

i 2.2.6.4 Convex Mirror Sections

A convex mirror section consists of a convex mirror, two limiting
e apertures, and a surrounding tube. One aperture describes the portion of the
sphere or conic that is the actual mirror, while the other aperture must be in
i, front of the mirior to separate it from other sections. In most systems,
proper combinations of the above four standard section types should be suffi-
cient to describe most, if not all, of the pertinent cystem features. For

those features that cannot be so described the wild card baffle mechanism,

{ as described below, is provided.
5 2,2.7 Wild Card Baffle Section
- The wild card baffle section provides the user a method of describ-

ing configurations that do not conform to the rules for any of the sections
i described above, Examples would be struts to support a mirror or an exit aper-
ture between a pair of baffles, At present, the only implementation of wild
card baffles is to allow the user to place standard sections in places where
they are not normally allowed, This implemeniation is sufficient to handle

the examples given sbove, as well as many others.

¢S
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Each surface within the wild card baffle section is considered to
be a separate wild card baffle. Since it is also an ordinary surface (tube,
aperture, mirror), it acquires both a wild card baffle number and an ordinary
surface number. For a wild card baffle, the ordinary surface number is coded
further by adding 100 if it is an aperture, or by adding 200 if it is a tube,
so that the surface numler contains a description of what kind of surface it
is, as well as which one of that kind. Each wild card baffle surface lies in :
one or more standard sections, It is referred to in each of those sections

simply by giving its wild card baffle number.

A very simple example of a wild card baffle is needed at this
point., Consider a tube with a strut inside. (See Figure 2-7.) The tube is
a standard baffled section with no baffles and no inner tube, and will be
called "section 1". The strut is also a standard baffled section with an
inner tube and no baffles and no outer tube (called 'section 2"). The outer
two apertures will be 1 and 2, and the strut ends apertures 3 and 4. If tube
1 is the outer tube, tube 2 the strut; the strut wild card baffle 1 and the

ends wild card baffles 2 and 3, we have the following:

Inner ter Back Forward
Section Tube Tube Aperture Aperture WCB's {
1 0 1 1 2 1,2,3
2 2 0 3 4 0

Wild Card Baffles

WCB Surface No. Section
1 202 2 i
2 103 2 }
3 104 2

In order to place wild card baffles in the system, each wild card
baffle surface is referenced in each section where it appears, with one notable
excepticon: when a wild card baffle lies between a pair of standard baffles, it
is referenced in the baffle input card, not in the section input. This enables

the program to distinguish between objects within baffles and objects in the
baffle free region,

13
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The wild card baffle mechanism gives the user freedom of choice
of different ways to specify the same system. This choice should nearly
always be directed toward having the fewest wild card baffle surfaces, since

1 the user pays a penalty in run time when using wild card baffles,

2.2.8 View Factors

The GUERAP-1I programn calculates first-order diffuse stray radia-

tion terms by computing a=d macking all areas, called critical areas, which

can be seen by a detector, either directly or specularly off one or more mir-
rors. Higher-order terms are calculated similarly, with lower-order critical

areas playing the role of a detector. Three matrices input by the user guide

the TCRIT program in finding these critical areas. These matrices, called the

hand calculated view factor matrices, consist of an aperture-to-aperture matrix,
an aperture-to-section matrix, and a section-to-section matrix. The first two

matrices are used to compute all mirror paths to the critical areas, while the

third matrix is used to compute the direct paths.

The user begins by selecting a subset of the apertures in the sys-

tem, called the set of critical apertures. These critical apertures describe

how the imaging rays get through the system. 7The set of critical apertures "}é
must include the limiting aperture for each mirror in the system. In addition, i

each aperture that limits or obscures what one mirror can see of another must

,n
s,

s i ;

also be included in the set of critical apertures, Thus, in a typical system,
the critical apertures include field stops, Lyot stops, and obscuring apertures, iy

if any or all of these exist in the system., Once the critical apertures have

k.

been selected, they are described to the system by two parameters: the ordinary
aperture number and the mirror number of the associated mirror (0 if there is ' 8

no associated mirror, as in the case of a field stop, etc.). k

The next step is to construct the aperture-to-aperture matrix.
This matrix describes which critical apertures see which others. A critical

aperture is said to see another :ritical aperture if, and only if, a direct

path through no intervening critical aperture exists. The user is never re-

e e vas

quired to specify mirror paths, as the program can calculate these paths once
the direct path from a point to a mirror, and the direct mirror to mirror paths

have been specified. By definition, critical apertures do not see themselves.

V.
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to-section matrix is specified next.
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tures directly see which sections., If therc is an aperture that limits or

partially obscures this view, it is also specified.

such aperture, the most appropriate one is chosen.)

The program builds a list of trial mirror paths as follows: (We

assume that the starting point for all paths is in Section A, while the target

surface is in Section B.)

(1)

(2)

(3)

(4)

The aperture-to-section matrix is checked for the next
critical aperture seen from Section A, This critical
aperture is placed first on the critical aperture se-
quence. When there are no more critical apertures, the

list is complete.

The aperture-to-section matrix is checked to see whether
Section B sees the last critical aperture in the sequence.

If so, the sequence is added to the list.

Regardless of the outcome of step (2), the aperture-to-
aperture matrix is checked to see whether the last criti-
cal aperture sees any other critical aperture not yet

checked and not already in the present aperture sequence.

(The above restriction is invoked to prevent the genera-
tion of an infinite number of possible paths, and re-
quires care (and possible trickery) in the choice of
critical apertures, as no critical aperture is allowed

to appear more than once on any given mirror path.)

If there is another aperture, it is added to the sequence

and then step (2) is repeated.

Otherwise the last aperture on the sequence is deleted,
If there still is an aperture on the sequence, step (3)

is repeated, Otherwise step (1) is repeated,

21
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Differential ray trace techniques (described in Section III) are
then used to check these potential paths to see if any actually exist in the
system,

Finally, to allow the computation of direct paths, the section-
to-section matrix is specified. This matrix describes which sections can
directly see which other sections (limiting or obscuring apertures are also
specified as in the aperture-to-section matrix described above). Unlike the
critical apertures, sections can always see themselves. These paths are then

checked by the differential ray trace method.

Thus, by simply stating the direct paths possible in the system,
the program is able to pick out the direct and mirror paths that actually

exist in an optical system,

For example, let us consider the simple Cassegrain system shown
in Figure 2-8. It consists of a concave primary, a convex secondary, tubes
baffling the primary and the secondary, a tube surrounding the entire system,

and a detector region.

Critical apertures for this system were chosen to be: (1) the
aperture limiting the primary mirror - its associated mirror is the primary;
(2) the disk aperture partially obscuring the view from the primary to the
secondary - it has no associated mirror; (3) the aperture in front of the
secondary - its associated mirror is the secondary; (4) the aperture which

allows rays to pass inside the tube baffling the primary (and leading to the
detector).

The aperture-to-aperture mutrix is set up to show that the primary
sees only the obscuring aperture, the obscuring aperture sees the primary and
secondary, the secondary secs the obscuring aperture, and the one leading to

the detector, while this aperture sees only the secondary.

At this point the critical aperture-to-section, and section-to-
section matrices must be constructed. The only unusual thing here is tlLat the
obscuring aperture is effectively removed. 1Its only reason for being a critical

aperture is to obscure the view between the primary and secondary. It can (and

does) act as an obscuring aperture between sections and other critical apertures.

22
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Figure 2-9 gives the complete matrices. A '"1" indicates that the
view is possible, while an "-i'" indicates that the view is possible, but limited

or obscured by aperture "N,

2.2.9 Diffraction Sequences

In computing diffraction terms, unlike the diffuse case, the user
must specify the edge sequences the program is to look at. Th- user begins by
specify/ng the number of edges at each of Levels 1, and 2 and 3. If the user
specifies I edges at Level 1, J edges at Level 2 and K edges at Level 3, then
the first I edges specified are Level 1 edges, the next (J) are Level 2 and
the last (K) are Level 3 edges. An edge is specified by giving its aperture
or baffle number, the number of aperture or aperture-mirror pairs between that
edge and its destination (the detector plane for a Level 1 edge, or a Level
n-1 edge for a Level n edge), the section number of the edge if it is illu-
minated (otherwise 0), and its destination edge number if the edge is Level 2
or higher (the destination edge number is the position of that destination
edge which has been previously defined in this list). Aperture and aperture-
mirror pair sequences are defined as in the critical aperture sequences. Note
that the level of an edge is the number of diffractions that occur, starting

at that edge and reaching the detector.

Let us again consider the simple Cassegrain system of paragraph
2.2,8 (Figure 2-8 ), Assume we wish to compute single diffraction from both
the entraunce aperture (aperture 1) and the edge of the tube baffling the

secondary (aperture 3). Also, let us consider double diffraction from each

of the above edges and the edge of the tube baffling the primary (aperture 9).
Since we must consider aperture 9 as a single diffraction edge also, we then

have 1 = 3, J = 2, K= 0 as described above,

To describe the simple entrance aperture path, we note that after
diffraction from the entrance aperture, the ray must hit the primary, then the
secondary, before arriving at the detector plane. There is aiso the possi- ! _
bility of hitting the tube that baffles the primary, either before or after ?
hitting the secondary. To allow for these possibilities, we put apertures |

4 and 9 into the sequence. We thus need four apertures to describe the

24
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sequence., In considering diffraction from the edge of the secondary tube,
we need only pass through aperture 9 to hit the detector (if possible). But
we also notice that a path off the primary and secondary similar to the en-
trance aperture sequence is possible, By adding a fourth Level 1 edge (set
1-4) we could allow for this possibility. Finally, we must consider the
sequence from the edge of the secondary tube to the detector plane., Since

this path is direct, no apertures are required.

N T Y N T T T e L ke R

To do the double diffraction terms, the sequences are generated
as above, only up to the point of the second edge. Since we give the number
of the Level 1 edge, the program can append that sequence to get the complete
double diffraction sequence. Here again, 1f we wish to allow two distinct

paths from the edge of the secondary tube, we can set J = 3 and all the appro-

priate sequence.

Figure 2-10 tabulates the edge sequences described above.
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Number of Edges

Level 1 Level 2 Level 3
3 2 0
= Level 1 Edges
{‘ Aperture No. of Apertures Section/
i No. No. in Sequence Illumination Destination
j o T 4 : -
. Aperture Sequence E
E. Aperture Mirror i
No. __No. b
[' 5 1 '
3 4 0
7 2
{1 9 0
b 2 3 0 2 -- '
: 3 9 0 0 oc

Level 2 Edges

o . |
» i

4 1 3
Aperture Sequence
Aperture Mirror
T No. No.
- 5 1
- 4 0
7 2
- 5 3 0 2 3

Figure 2-10. Diffracting Edge Sequences
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SECTION III

DIFFERE Y TRACE

3.1 INTRODUCTION

E The use of a routine for the tracing of rays propagating through

a system via specular reflections off mirrors and baffle surfaces is an ob-
vious requirement for any program aimed at the analysis of off-axis rejection;
however, there are several other requirements that are desirable to put on
the ray trace routine selected, in order to enhance the accuracy and speed of

thz resultant program, These additional requirements are:

(a) Have the ray trace routine carry an accurate measure

of the ray weight (the ray weight, or flux, is the
product of the ray energy density and the area).

(b) Have the ray trace method carry information sufficient _
to allow later computations on distances traveled by !
traced rays, on the change of magnification from §

one portion of the system to another,

(c) Have the ray trace method £1il1 the entrance aper=-
ture with a high density of rays only for portions
of the aperture where the rays are incident on a

complex system structure (many baffle edges, etc.),

(@) Describe all rays that undergo the same sequence P
of reflections by a single ray and a ray weight

maasure,

The differential ray trace method, as implemented in the GUERAP II
program, meets ail of the requirements listed above. This method is described
in Section 3,2, below. Section 3,3 describes how the differential ray trace
routine is used iteratively to achieve gosls (c) and (d).

28
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3.2 DIFFERENTIAL RAY TRACE METHOD

3.2.1 Setting Up uifferential Rays

The basis of the differential ray technique is as follows. The
position of any single ray in any given plane within an optical system can
be specified by four coordinates: two spatial and two angular. In order to
make things easier, however, we actually specify rays by six coordinates,
three spatial and three angular. Only four of these are independent. The
coordinates of any other neightoring ray can be described by the coordinates

of the first ray and a set of four positional and angular differentials.

Thus, we can describe a ray by

R = (x,y,2z,c,d,e) (3-1)
where
-}
K = single ray
X,¥,2 = gpatial location of ray

c,d,e = direction cosines of ray

The ray differential can be denoted by
df = (ax.py,02,4c,4d, pe) (3-2)

If we denote a nearby ray as Rn’ then we may write the nearby ray

as a linear combination of the central ray R and differentials as follows:
iin = K + di (3-3)

To first order, the set of nearby rays forms a four-dimensional
linear space. Therefore, if we choose a set of four linearly independent

differential ray vectors, any nearby ray is a linear combination of these

four vectors (plus the original ray).

We choose:

dﬁl = (1,0,0,0,0,0) (3-3a)
d'R’2 = (0,1,0,0,0,0) (3-3b)
29
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d§3 = (0,0,0,¢5,dy,e,) (3-3c)
dﬁa = (0,0,0,c,.d,,e,) (3-3d)

where
c*c3 + d*d3 + e*e3 = (
c*ca + d*dé + e*ea =0

and (c3,d3,e3) and (ca,da,ea) are independent. Then Eq. (3-3)

can 2lways be written
= * * * * -
in R+ a, dil + a, dﬁz + a, d§3 + a4 d§4 (3-4)

3.2.1.1 Spatial Differentials

If Ac = Ad = Ae = 0, then the nearby ray will be parallel to the
central ray; let us set up four nearby rays defined by the four differentials
shown below, with Ax -~ Ay, to describe the four corners of a small area in the
entrance aperture. (See a, Figure 3-1; only two nearby rays are shown for
simplicity.)

af - pxrdl (3-4a)
dR" = -axrdR, (3-4b)
ak) = ayvdk, (3-4c)
dk, = -ay*dR, (3-4d)

The numbers Ax,-Ay,Ay,~Ay can be thought of as supplying boundary
conditions for the differentials. It is by tracing these two spatial differ-
entials with these four boundary conditions that GUERAP II is able to trace

a central ray and, in effect an aperture area with 1it, through the aystem.
(See b, Figure 3-1.)

3.2.1.2 Angle Differentials

If AX = AY = 0, then all nearby rays will intersect the original

ray at x,y,z, and will represent rays on a spherical wavefront centered on

30
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b. Use of Spatial Derivatives to Define Area
in Entrance Aperture

Figure 3-1. Spatial Differentials
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the original ray. (See a, Figure 3-1.) Thus, analogous to equations 3-4

a-d:

dRY « rordR (3-5a)
3 3
> - -+
- - * 3‘5b
AR3 Aa dR3 ( )
>+ ->
AR = AB*dR (3-5¢)
4 4
& -
AR, = —Afs*dﬁ4 (3-5d)

The use of angle differentials will be described in later sections.

3.2.2 Propagation of Differential Rays

If we trace the first ray through an optical system, and simul-
taneously keep track of how the differentials are transferred through the
same system,we can at any later position within the system describe the
position of a nearby ray as the linear combination of the ray we have traced,

and proper differentials.

Thus, if we denote a ray that has propagated to the distance z,
then,

g =g .Pr = (x', v', 2',¢c', d', e") (3-6)

where Pr = propagation matrix for the ray. Simtlarly, we can denote a ray

differential that has propagated a distance z as

dk* = dR .Pd = (ax', ay', Az', Ac', Ad', pe")
where Pd = propagation matrix for the differentials.

Thus, we may write a nearby ray R' that has propagated in terms
of the propagated central ray and differentiels as

T L dﬁ“i (1 =1,2) (8=+,-) (3-7)
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L L]
by 3.2.3 Reduction of Differentials At Intersections With Edges
r i When a central ray passes near an edge, one or more of the
£ - nearby rays described by the differential may pass on the other side of
| i the edge. Thus, for this case, the edge cuts through the propagating %
o~ entrance aperture differential such that the new differential area con- :
e taining the central ray does not get reduced by the edge. (See Figure 3-2.) i
e Then, a coefficient Ai for each individual differential will be computed 3
E = such that the original differential times the coefficient Ai equals the new 3
E differential. Then the ray trace will continue using the original differen- 3
i LT 4
E tials, with the coefficients carried along as a descriptor of the area re- b
2 -
duction that occurred at the edge. 4
ar
e~ 3.3 ITERATIVE DIFFERENTIAL RAY TRACE 3
] 3.3.1 Method
E 4 In the previous section, it was shown that it is possible to A
1 trace a single ray from four differentials through the system, and, in 1
E effect, trace a small area of the entrance aperture as it propagates :
1 - through the system. ]

If the ray differential area impinges on a baffle edge such
that some of the differential area goes off in a different direction, we
have two choices: continue to keep track of the reduced portion of the
differential that contains the central ray by re-adjusting the differen- 3
tials (thus appropriately reducing the area of the differential); or ]
backing up to the entrance aperture and starting over with a larger number
of smaller differentials. We can set a threshold of area reduction (such
as 80%) that automatically sends us back to the entrance aperture if the
differential area drops below the threshold. If the ray propa,ates

through a portion of the system where all adjacent rays undergo the same

33
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Coefficients

al =1,0

Original Differential Incident on Edge

Coefficients
a1 =1,0
a2 =0.6
a3 =1,0
a4 =0.8

Reduced Differential as Described by Coefficients

Figure 3-2, Differentials
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; s sequence of reflections, then the threshold is never triggered and the compu-
: 5 tational density of rays for that portion of the system remains low. However,

. if the differential propagates through a portion of the system where the com- ]
i - plexity is high, then the sequence of triggering the threshold and starting g;
1 i, over with smaller differentials may be repeated (iterated) a number of times,
i resulting in an effective ray density which is locally very high.
i. e Figure 3-3 illustrates the iterative differential ray trace method 3
f ¥ used to achieve the selective ray density goal of the program.
L "
] 3.3.2 Use of Iterative Differential Ray Trace in Stray Radiation Calculation
The use of the iterative ray rrace in making actual stray radiation
calculations is shown in Figure 3-4, and . 'sted below.

(1) Specify the permitted maximum number of iteratioms, the
area reduction threshold, alnd the energy density thresh-
old. (The energy density threshcld allows us to stop
tracing a ray altogether when its density is so low as to
be negligible.) The value selected is a function of the
censitivity of the analysis to be performed. (Refer to
paragraph 3.3.3.3.)

(2) Trace the rays through the system until a surface is
reached; compute the scattere? light terms arising from
that surface (diffuse, etc.), write the scattered light 1

contributions due to that surface on a scratch pad.

(3) Compute the new direction and differentials, the area re- :

duction, and the new energy level.

(4) Perform three tests on the energy threshold, the area re-
duction, and the number of iterations, as shown in Figure
3-4. Depending upon the results of the three tests, there
are three alternatives: (1) the ray trace can continue

to the next surface with that differential; (2) fcur new
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Comments

Initiate ray trace,
find specular path
through system

At each baffle plane,

check to see if
differential area
is sliced by edge;
if area containing
central ray drops
below threshold,
return to entrance
aperture

Re-initiate ray
trace using 4 new
differentials, each
with new central
ray (only 1 and 3
shown)

Check each new
differential at each
baffle plane; if any
of the new ones are
reduced, then that
one is iterated;

the others continue

Iterative Differential Ray Trace
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Compute New Direction,
New Differentials,
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2l Pad, Set Up oo
4 New Smaller YY %
Differentials

Figure 3-4. GUERAP Il Iterative Differential Ray Trace
Flow Diagram
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differentials are set up, and the ray trace returned to
the entrance aperture to begin with one of the new smaller
differentials; or (3) the program returns to the entrance

aperture to begin tracing the next basic (full sized)
differential.

3.3.3 Selection of parameters

As mentioned above, there are four basic parameters governing
the use of the differential ray trace method in the GUERAP II computer program.
Each of these is discussed briefly below.

3.3.3.1 RNumber of Initial Differentials

The 'initial number of differentials by itself does not strongly
affect the final density of the rays because of the use of the iterative
technique; it is the combination of the initial number of differentials and

the number of iterations that largely determines the final maximum ray density.

A typical number of initial rays, about 20 for initial trial
runs, and about 80 for final runs, has proven to be a reasonable choice for

this parameter.

3.3.3.1 Number of Iterations

This parameter describes the number of times that the ray

trace routine will return to the entrance aperture to further subdivide a

differential that has been reduced by an edge below the area threshold;

typical values for the number of iterations permitted is 3.

3.3.3.2 Area Threshold

Typical values of the area threshold that have been used in .
test examples are about 80%; results of varying the area threshold have
demonstrated (for the cases run) that th. sensitivity of the results on the

value of the area threshold is low.
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3.3.3.3 Energy Density Threshold

The energy density threshold to be specified must be low enough
that the value of any anticipated stray radiation term, resulting from the

incidence of a ray on a surface, be significantly less than the sensitivity
goal of the particular run being performed. The purpose of specifying this
value is to permit the program to bypass the calculation of terms that cannot
be significant due to the low energy density of the ray being tracad, thus

enhancing program efficiency.

This condition 1is best expressed by the following equation:

& R = pr < Him © (3-8)

where AFk = flux in propagating differential area (equal to flux
density resulting from k specular reflections times
area of differential)

Rk+1 = minimum assumed attenyatioa due to a scatter transfer

from surface k+l to detector (R is a ratio of flux

densities) )
pr = assumed focal plane flux density due to scattering at !

k + 1 surface of incident differential :
Hlim = focal plane flux density limiting value; H is computed

from the larger of either the accumulated stray radiation

calculated in all previous calculations (the running total),

or a specified system sensitivity limit.

If we use equation (3—8)'above, we can computé the energy dehsity
threshold as follows. First; let

&y - B © (3-9)

area of differential

&y

where Aﬁk
e

flux density of differential
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Substituting Eq. (3-9) into. (3-8) yields

oy = e B <shg v el

Since

M <A - (3-11)

where

Aba = area of entrance aperture
Then we may write (3+10) as follows:

Aea . Hko Rk+1 = Hlim (3—12)

Solving for H, yields the ray energy density threshold (equal

k
to the ray energy density which satisfies the inequality of equation(3-10).
H
- . —im
Hy = Henergy = A «R - M)
density L k+l

threshold

The values of the limiting flux density H can be computed

lim
from the system BRDF goal, the values of the system f/no, and detector angular

subtense.

3.3.4 Examples

r

Figure 3-5 illustrates a simple example of the use of a differential
ray trace to fill the aperture of an optical system with area differentials.
Figure 3-5, view a, {llustrates the differentials that fill the entrance
aperture for a source on-axis for a system in which no subsequent aperture
reduces the effective aperture diameter. Figure 3-5, view b, illustrates the
regultant differentials for the same system, for the case in which a Lyot stop
has been inserted whose effective diameter is 60% of the diameter of the entrance
aperture. Thus, the differentials propagating from the entrance aperture toward
the focal plane have encountered an edge, and :the iterative differential ray
trace routine has generated smaller differentials that fill the aperture

without cutting across the edge of the Lyot stop.
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a. Lyot Stop Diameter = Entrance Aperture Image Diameter

b. Lyot Stop Diameter = 60% of Entrance Aperture Image Diameter

Figure 3-5. Entrance Aperture Filled with Differentials
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Figure 3-6 illustrates a more complicated aperture filled with

differentials. The case shown corresponds to a source located out of the

field of view; thus, the complexity of the differential distribution resulted
from the baffles and the edge of the mirrors encountered by the propagating

differentials. In Figure 3-6, the initial number of differentials was

the final number was about 1800 differentials. The number of permitted

iterations was 3 for this case, and the area threshold was 80%.
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SECTION IV

L0 aasin ottt gl

STRAY RADIATION CALCULATIONS

4,1 INTRUDUCTION

In this section, the methods for performing the stréy radiation
calcvlations will be described in some detail. First, however, a few words
need to be set forth abou’ one of the basic objectives of the program, and
the effect this objective had on the choice of methods employed for stray

radiation calculation.

The objective of the program is the ability to analyze ihe

capabilities of systems exhibiting very high off-axis rejection, thup it is
of first importance to design a program that hes no inherent performance
(sensitivity) limitations. The method selected was to use deterministic

calculations for the stray radiation terms, rather than a statistical approach.

This deterministic approach was made possible by two developments -
the development of a general differential ray trace routine that provides much
of the computational requirements for implementing & deterministic diffuse cal-
culation method, and the development of a diffraction theory that describes
diffraction in terms of rays originating at a point on an edge, and capable of

rigorously handling multiple diffraction,

In the sections that follov, each of these methods will be described
in some detail. It should be noted that the GUERAP II program, as presently
configured, handles each of these two basic calculations in separate and dis-
tinct implementations, although the diffuse and diffract routines both depend

upon the same optical form description.and differential ray tracing routines.
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4,2 DIFFUSE CALCULATIONS

4.2.1 Basic Method

The basic concept behind the diffuse calculations performed in
GUERAP II is the propagation of energy through an optical system can be modeled

by the existence of a specuiar component and a diffuse component each time a ray

impinges on a surface; that the distribution of the diffusely scattered component :
is describable by a Bi-Directional Reflectance Distribution Function (BEPF); and 1
that the propagation of the specular component can be handled by a ray trace

routine capable of handling epecular paths off all the surfaces in the system, ! 3
including mirrors and baffles,

4.,2.2 LEVEL 1l and LEVEL 2 Stray Radiation Terms

At each interaction between a differential and a system element, a
number of stray light paths to the detector, either direct or off other system
elements, are possible and must be computed if they are significant. These stray
light components can be classified into stray light terms of various levels,
depending upon the number of subsequent interactions that the scattered light
must undergo in order to get to the detector. LEVEL 1 terms are those for which
the stray light resulting from the interaction can directly impinge on the de-
tector, while LEVEL 2 terms are those for which the scattered light must bounce
off one intervening system element before impinging on the detector. Figure 4~1
illustrates schematically the LEVEL 1 and LEVEL 2 terms,

To perform the LEVEL 1 and LEVEL 2 interactions outlined above,
two types of information are required about the system geometry:

(a) The edges and baffle surfaces that are visible to the
detectors must be known, since it is only from these i
surfaces that a transfer of unwanted energy to the
detectors can take place, These edges and surfaces !

are to be known as "critical" edges and surfaces,
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b (b) In order to identify the various interaction paths that
exist within the system, knowledge on the visibility of

of each baffle to other baffles is required; i.e,, which
baffles can baffle N see, since each baffle that baffle N
can see represents a possible path for the transfer of

& unwanted energy. This visibility information is contained

in a "wiew factor matrix".

4,2.3 Simplification of the View Factor Matrices

If the view factor matrix information were stored in one array,
L]

the array would be quite large; for example, for N identifiable system elements,

the view factor matrix would require on the order of N2 storage locations.

To reduce the size of the view factor array, the GUERAP II program
will take advantage of the fact that the optical system is partitioned into

gt i Bateus Lkt

sections as the optical system is entered into the program, Thus, the view

factor information will be contained in two sets of information, as follows:

(a) Section=-to-section view factors. The program user will
i, be required to enter a simple binary (1 or 0) section~
to-section view factor matrix that describes to the pro=-

gram what sections are directly visible and adjacent to

what other sections,

(b) Baffle-to-baffle view factors. Based on the information
in the section-~to-section view factors, the baffle~-to-
baffle view factors will be internally generated by the

computer program only between the baffles contained in

sections that the section-to-section view factors indicate )
9
can possibly see each other, This avoids the necessity of é
0 storing a large number of entries in a view factor matrix
| between baffles that are located in sections of the optical ?
system that cannot see each other. 3
1
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4.2.4 Critical Matrix Pre-Processing

To determine the critical edges and surfaces, the GUERAP II program
will “pre=process" the optical system prior to the actual differential ray
trace by determining what edges and surfaces are visible to each of the de~
tectors specified by the user. This operation will be performed by setting up
an angle differential centered at each of the detectors specified; then the
angle differential will be propagated, and the areas on each of the baffles
within the system that the angle differentials intersect will be denoted
and saved as the critical areas, In addition, the direction of the detector
relative to the local normal of the baffle will be saved, along with the angu-
lar subtense of the detector from the critical surface, If the critical area
is too close to the detector of interest, then the critical erea will be broken
down into a number of smaller areas. Each of the components of the critircal
matrix (the coordinates of 4 points defining the critical area, the detector
subtense, and direction) will be used during the actual ray trace to compute
the energy transferred to the detector.

4.2.5 Point-to-Point Routine and Additional Hand Entered Section View Factors

One of the key requirements nf the program is that it be able to
find paths of Ylines of sight", from one system element to another via imaging
paths off of one or more mirrors in addition to the simpler direct lines of
sight that may exist. This is achieved by the implementation of a routine
called PTP (point to point), which searches for and examines all possible

mirror sequences from one specified system element to another,

To aid in the identification of all possible paths from one
element of the system to another, the user is asked to read into the program

two additional small binary matrices as follows:

(a) Section to aperture view factors. This matrix will identify
what apertures can be seen from what sections directly (the

sperture cannot be seen through another section),
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(b) Aperture-to-aperture view factors. This matrix will identify
what apertures can see what other apertures directly, with-

out the line of sight passing through more than one section.

These view factors and the section-to-section view factors described
in Section 4.2.2 are used to generate possible sequences from one system element
to another. Once each sequence is set up, then an angular differential ray trace

is used to see whether a line of sight does exist through that particular se-
quence of mirrors.

The use of these hand entered view factors greatly facilitates the
computational efficiency of the program without placing any real burden on the
user, as these *hree matrices are relatively small and require only binary (1 or
0) entries that can be determined rapidly by inspection from a sketch of the
system being analyzed. The user is not being asked to identify a path sequence;

only the answer to questions such as: ''Can aperture A see aperture B directly?"

4.2.6 Computation of LEVEL 1 Terms

After the program has 'preprocessed'" the system, then the proéram
performs a differential ray trace of the system, as described in Section III.

During this ray trace, the LEVEL 1 diffuse computations are performed as follows:

(a) When a differential impinges upon a surface, the program
checks to see whether the baffle being hit by the differ-
ential 1s marked as a critical baffle; it it is, then the
program checks to see whether the central ray has hit inside
the region marked as the critical area that can be seen
directly by the detector. 1If the differential does not 1lie
within this region, then the ray trace continues to the
next surface. If the central ray does lie within the region,

chen step (b), below, is performed.

(b) The angle of incidence of the incident differential is
computed and used in conjunction with the angular direction
to the detector to compute the BRDF of the surface, which

in turn is combined with the detecto: subtense to compute
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f the fraction of the energy in the incident differential
f that is detected by the detector. This calculation is
E described by equation (4.1) below.

;5 Fiet ™ Fasgs * BROF (83, #,) « g, (4.1)

where Fdet = flux incident on detector
Fdiff = flux in differential incident on surface
Odet = gtored direction to detector

4 01 = angle of incidence of speci.lar ray on surface

Qdet = golid angle subtended by detuvntor from critical area

Thus it can be seen that the use of "extended' critical matrix
entries eliminates the requirements for any further ray tracing beyond the ray
4 trace that determines that a given baffle is illuminated, i.e., all the calcula-

tions that are requried to perform the calculation of the transfer to the detector

: have been performed once on the preprocessing critical matrix determination.

4.2.7 Preparation for LEVEL 2 Caloulations

As illustrated in Figure 4-1, the computations of the LEVEL 1 terms
require only knowledge of th critical baffles, but do not require knowledge of
baffle-to-baffle view factors. Thus, the GUERAP II program will initially per-
form the complete differenfial ray trace of the systems, compute the LEVEL 1

terms only, and will in the process determine which baffles are illuminated by
differentials that have propagated by specular paths through the system.

T ens

The stray light totals arising from the LEVEL 1 will then be examined
to determine whether the accumulated LEVEL 1 terms are so large that the LEVEL 2 i
terms would be insignificant. If that condition exists, the program will termi- ?
nate, thus avoiding the unnncessary LEVEL 2 computations. However, if the test ?
indicates that the LEVEL 2 terms could be significant, the program will then ; a

prepare for the LEVEL 2 computations by computing only those view factors that
will be needed for the LEVEL 2 terms. As shown in Figure 4~1, the only view
factors required for the LEVEL 2 terms are those from the critical baffles to
the illuminated baffles. Since the set of view factors involving the critical

G DL i
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and illuminated baffles is a relatively small set of all the possible view
factors, the program remains relatively efficient by computing only those view

factors that will actually be used in the LEVEL 2 computations.

4.2.8 Calculation of LEVEL 2 View Factors

Once the need for performing the LEVEL 2 calculations has been estab-

lished, the program will compute the view factors as follows:

Each of the critical areas will be divided up into 9 separate points;
for each of these points, an angle differential will be sent out to determine
whether any portion of that differential intersects any part of any of the pre-
viously determined illuminated baffles. If any portion of the differential does
intersect any part of an illuminated baffle, then the boundary of that region
(which represents the part of the illuminated baffle that is visible to the
specific point on the critical baffle) is saved and placed in the view factor
matrix. Two additional pieces of data are alsc stored along with the coordinates
of the 4 points that define the LEVEL 2 area; the distance to the critical baffle
and the direction to the point on the critical baffle.

This matrix, which represents the largest storage requirements of the
program and possibly the largest computational task in terms of time, nevertheless
is a key feature of the efficiency of the program, as it eliminates the need
during the LEVEL 2 computations for any ray tracing and path determination beyond
the differential ray trace used to follow the propagation of the specular rays

through the svstem. This point is explained further below.

4.2.9 Calculation of the LEVEL 2 Diffuse Terms

The computation of the LEVEL 2 terms 1is analogous to the LEVEL 1
computations; differential rays are traced through the system, and each time
the differential ray hits a system element, the view factor matrices are searched
for paths that exist to the detector. In this case, however, the search is for

LEVEL 2 terms, since the LEVEL 1 terms were computed during the previous ray
trace of the system.
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The following simple example illustrates the method for determining

all of the LEVEL 2 terms that exist from the specific illuminated baffle to the
detector.

(1) Let the critical baffle matrix (baffles 2 and 4 are
visible to the detector) be

0
1
C 0 (4.2)
1
(2) Let the view factor matrix (baffle 3 can see baffle
4) be
0000
- 0000
v 0001 (4.3)
0010

(3) By using the differential ray trace routine, it is determined

that baffle 3 is illuminated (the differential has hit baffle
3); thus set up illumination matrix.

I=[0010] (4.4)

Now we can examine the possibility that there are LEVEL 2 stray

radiaticn terms arising from the interaction of the differential with baffle 3,
as follows:

Is there a LEVEL 2 contribution?

To determine if there is a LEVEL 2 contribution, the matrix product
shown below must be examined:

I.veC=[0010]. > 0 (4.5)

OCOO0OO0O
(=R eNol o]
H OOO
O OO0
=OkKr O

Since the matrix product is greater than zero, a LEVEL 2 term is
indicated. Within the program, the matrix product will not be actually computed,
but the view factor matrix will be examined to determine whether there is a

non-zero term for the second and fourth element of the third row.
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The actual computation of the LEVEL 2 term is defined below, in

terms of the BRDF and the angles of the two surfaces involved.

s Fiet = Faigg = BROF1g(Bcg, #4) « Slog + BROF o (Oppn, B00) - 2, (4.6)

b CS " "DET
E
i where
Fdet = flux incldent on detector
‘ Fdiff = flux In differential incident on surface
E BRDFIS = BRDF function for illuminated surface
i BRDFCs = BRDF function for critical surface
? OCS = angle from illuminated surface to critical surface (con~
4 tained in VFM)
91 = angle of incidence of differential ray
gdet = angle from critical surface to detector (contained in CM)

. ¢CS = angle from illuminated surface to critical surface (con- P
] tained in VFM)

s s0lid angle of critical surface from i1lluminated surface

(computed from distance contained in VFM)

Qdet = g50lid angle of detector from critical surface (contained
in CM)

Note that all of the information needed to perform the calculation
of equation (4.6) is contained in either the Critical Matrix (CM) or the view
factor matrix (VFM); thus, no further ray tracing is required to perform the
actual LEVEL 2 computations, beyond the tracing of the specular rays through }

the system.

4,2.10 Efficiency Considerations and Overall Flew Chart

One of the problems inherent in writing a general program such as

GUERAP II is that the total number of computational operations becomes quite

large; it 18 of prime importance that the program be as efficient as possible
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to keep the running time down to a reasonable minimum. To this end, the GUERAP II

diffuse calculations contain several features designed to increase efficiency,
as follows:

(a) View factors are computed only as needed,
(b) View factors contain much pre-computed information, and

(c) The stray light terms are computed only if their expected

values are large enough to be significant.

The first two of these features have been described previously;
the third is described below.

Compute only significant stray light terms )

As each term is computed during the performance of the ray trace for

a given level, the expected value for each individual term Is compared to both

a user specified systen accuracy limit, and the current running total of the

stray light. The checking of each term before its computation will
two goals, as follows:

accomplish

(a) A particular LEVEL 2 term may be insignificant, due to the
low energy density resulting a large number of baffle
specular reflections before hitting the particular baffle
of interest; only by testing the predicted value of each
term, taking into account the differential's actual energy
density, can such terms be eliminated; and

(b) As the terms of the particular level are accumulated, the
recorded scattered light total for the system may signifi-
cantly increase, thus raising the significance value used

in the test described above, allowing the program to elimi- ) ]

nate more and more computations as more and more stray light Y :
is accumulated.

The flow chart shown in Figure 4-2 illustrates the interaction of
all of the methods and features of the diffuse calculations described in this

section.
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4.3 DIFFRACTION CALCULATIONS

4.3.1 Introduction

Cenventional diffraction theory describes the phenomenon of diffrac-
tion as an area integral over an enclosed aperture, with the evaluation of multi-
ple diffraction as a multi-variate integral over the apertures involved. However,
this characterization of diffraction is not amenable to a program designed
around the use of a ray trace technique. A more desirable characterization of
the diffraction phenomenor would be one in which diffraction is described as a

ray phenomenon, where the diffraction would occur at a point on an edge.

Such a characterization of diffraction has been developed at Perkin-
Elmer, bty extending the work of Kellerg}) Miyamoto and Wolffz) and others. The
result of this work is a description of diffraction in terms of rays that can
be :raced by the differential ray trace routine described in Section III, and
whose intensities can be similarly computed 1ﬁ terms of parameters that are

easlly derived from the use of the ray trace routine.

The characterization of diffraction has two parts; a vector existence
condition that allows the determination of the direction in which the diffracted
energy propagates, and a scalar intensity relationship that describes the iuv-
tensity of the diffracted rays in terms of the propagation of a ray that is
generaily astigmatic.

One important feature of the diffraction characterization described

in this section is that it is capable of handling multiple diffraction sequences
with great accuracy.

4.3.2 Basic Theory

The basic theory gives the diffracted scalar electric field and
hence can reproduce most of the fine fringes normally associated with diffraction.
However, if the apertures are lare and/or there is a range of wavelengths, only
the general energy distribution will be of interest; in this case each ray is
treated as a separate source of energy. The total energy diffracted is then
the sum of the individual ray energies, ignoring their relative phases. This

glves the local average or envelope of the basic diffracted energy.
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4.3.2.1 Basic Equations

Let us now consider a diffracting aperture with a field incident

from the left. The incident field varies slowly enough in phase and amplitude

so that it can be satisfactorily represented by geometric rays if desired, al-

though this will not be done at first. Miyamoto and Wolf write the field at
the point S to the right of the aperture in the formgz)

U (S) = U, (S) + U (5) (4.7)

where Ug(S) is the field in the brigh: region as determined by conventional geo-

metric ray trajectories from the incldent field through the aperture. Ub(S) is

the boundary edge diffracted contribution. This term is included im both the
shadow and the directly illuminated region.

The edge diffracted component is given by Miyamoto and Wolf(z)

exp[1k(S+P )] . a
Uy ) =5 /A @ - > [”ﬁ"} 2 (4.8)

S PR

where the integration is carried out along the edge of the aperture, A (4) is

the field strength along the edge of the aperture, k is the wave number, kPo is

the phase in radians of the incident wave at the edge of the aperture, S is the

distance from the edge of the aperture to the point S, and (x) and (-) are the

conventional cross and dot products for vectors.

There are three unit vectors indicated by (»). & is a vector from

the edge of the aperture to the point S, P points back toward the seurce, and

~

1 is

a unit vector tangent to the edge.

All of these variables are evaluated at the point £ on the aperture

boundary. The point { moves around the boundary as the integral is evaluated
around the aperture as indicated by Equation (4.8).

that
S in

Equations (4.7)and (4.8) give the field amplitude, normalized so
the irradiance (flux per unit area or watts per square meter) at the point
a plane nominally normal to the incident rays is

1(s) = U (8)| W-m 2 (4.9)
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and likewise the incident irradiance along the edge is

1, = |4 @] W (4.10)
For the basic assumptions made, the field given by Equatious (4.7)
and (4.8) is as accurate as would be given directly by the more usual Kirchhoff
diffraction integral. However, while Equation (4.8) 1s a line integral instead
of the Kirchhoff surface integral, it is still not directly usable. Equation
(4.8) can be converted into a more useful form by expanding the integral for
its asymptotic behavior for large values of k by the method of stationary phase.
The result of this expansion will be a representation for the edge diffracted
field that is the equation of an ordinary geometri: optical ray. Thus because
of the initial assumptions, the entire field, which includes the incident field,

the geometrically transmitted field and the diffracted field, will be represented
by ordinary geometric rays.

The method of stationary phase shows that the significant contribu-

tion to *the integral is given by those points along the aperture boundary £ for
which

3(S+P°)
— 0 (4.10)

In terms of unit vectors, this is identical to
S+p) -2 =0 (4.11)

Using this method of solution, Equation (4.8) is approximated so
that Equation (4.10) is given by

A -2

I(S)=28 I,  W-m (4.12)
s|1 +isi| An

Where I (S) is the irradiance at a point S due to the incident 1llumination
irradiance Iln at the point Qn on the aperture edge, where

B . ix?.5§ 2
br |2 x p|(L +p . 5)

(4.13)
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defines the angular variation of the diffracted flux density as a function of
known unit vectors, and

Wy

~

o)

{ 1.1 _1n-(+8

il R™7 — (4.14)
% x B

i Jefines the distance R. P is the radius of curvature of the incident wavefront

along 2 and p is the radius of curvature of the edge.

Equations (4.12) through (4.14) are the equations of a conventional
astigmatic geometric ray propagating along the line frem the diffraction point
Qn on the edge through the observation point S. The astigmatic ray has two foci
along S. One is at the point of diffraction on the edge of the aperture in the
; i- plane of ﬁ and ;, The other focus 1s located a distance R behind the edge along
: ; in the plane of 2 and s. It is interesting to note .hat although we have not

explicitly used ray equations in deriving this result, the assumptions that have

gone into it are analogous to the assumptions that allow the use of rays to

ﬁ: ; represent optical fields in general. This allows us confidently to call this a
i {. "ray theory of diffraction" and to consider equation (4.12) as the equation of a
1 ray.

4.3.2.2 Existence Condition

;‘ Equation (4.11) represents the condition for the existence of a

diffracted ray. Interpret this equation in the following way: P 1s a unit vector

»

in the negative direction of the incident ray to a point on the edge; & is the

e
3

unit vector in the direction of a diffracted ray at the same point. Equation

(4.11) says that for a given incident ray, the diffracted rays lie on the surface

o
L =i

of a right circular cone centered on the edge tangent £. The incident ray also

lies on the surface of the cone. This is shown in Figure 4-3.

The diffracted field given by the preceding asymptotic ray expansion
will be generally valid if the basic assumptions are satisfied and if the point

»

S is not either on the geometric shadow edge or at a focus of one or both of the
= radii of curvature of the diffracted ray.

. w

-~
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Figure 4-3. Condition for Diffraction
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4.3.3 Implementation of Diffraction Theory in GUERAP II

Figure 4-4 illustrates the interesting case of a ray incident on
an aperture at an angle almost normal to the plane of the aperture; this is the
case of interest for most optical systems that are limited by bright sources
near the field of view. As view a, Figure 4-4 1llustrates, the cone describing
the locus of diffracted energy for which the equations in Section 4.3.2 are
valid is nearly flat, and the intersection of that cone with a plane positioned

some distance away (not necessarily normal to the axis) is a hyperbola and very
nearly a straight line.

The computation of the irradiance at some point along that hyperbola
is a function of the distance from the diffracting edge to the point of observa- ]
tion, and is also a function of the apparent position of one of the astigmatic
foci located at the point marked 1' on view b, Figure 4-4.

If the diffracting point is moved around the aperture (such as the
sequence of points labeled 1-8 in Figure 4-4), the corresponding hyperbola in
the plane of intersection also moves and changes lhape.* Figure 4-5 illustrates
the motion and the shape of the hyperbola as the diffraction point moves around
the aperture. Note that all the hyperbolas intersect at the projection of the

undiffracted ray p onto the plane of the observer.

Figure 4-5, view b, i1llustrates the distance between the hyperbola
and the detector marked A in view a, as a function of the position of the ]
diffracting point on the entrance aperture. As shown, there are two points for
which the detector will be irradiated by the diffracted energy, as demonstrated

by the fact that the distance between the diffraction hyperbola and the detector
has gone to zero in view b, Figure 4-5.

i e e R RN T TN AT S T TP TR ALTo e 1 U A ¥ o

*

The major axis is always parallel to the tangent to the diffracting edge, and the
ratio of the major axis to the minor axis (the eccentricity) is a function of the
angle between the tangent to the edge and the incident vector p.
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Figure 4-4, Diffraction at an Optical System Aperture
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4.3.4 Determination of Detection Condition

If one takes a small number of points around the entrance aperture
and examines e2ch or the resulting hyperbolas to see whether that hyperbola
passes through the detector, it is unlikely that the hyperbolas will pass directly
through the detector. However, if the distance of the detector for each point
in the entrance aperture is compared to the distance resulting from the previous
point in the entrance aperture, then the detection condition will be flagged
when the distance fo- one of the points has a different sign than for the other.
Such a condition indicates that there was a cross-over between the two points,
and the program will then iterate a new point in the entrance aperture between

the two points in an effort to locate the diffracting point that results in a
hyperbola passing through the detector.

One of the practical cornsiderations to be made in implementing
this method is the problem of drop-outs - i.e., the case where the hyperbola
resulting from a given point on the illuminated aperture intersects the next
aperture, but the hyperbola resulting from the previous point on the entrance

aperture does not intersect the next aperture. In this case, there is no pre-

e i e e

vious detector-to-hyperbola distance to which to compare the current distance;

hence the program cannot make the comparison, and cannot detect a hyperbola : ‘
cross-over between the two points.

The present solution for this problem is to let the sample density
around the entrance aperture be high enough that the probability of a cross-

over occurring at an entrance aperture point adjacent to a drop-out point is
very low.

"4
4.3.5 Multiple Diffraction 1

For multiple diffraction, an additional complication occurs, in that
for each point in the entrance aperture, the resultant hyperbola can intersect

a subsequent aperture such as the field stop in zero or two places (if the sub-

sequent aperture is a closed convex figure, such as a circle), giving rise to
zero or two hyperbolas at the next plane of interest, such as the Lyot stop

plane. If that next plane contains amother aperture (such as would occur if a
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triple diffraction sequence were being analyzed), then each of the two hyper-
bolas would result in zero or two hyperbolas in the next plane (such as the
focal plane). Thus, one point in the entrance aperture results in a total of

zevo, two or four hyperbolas in the focal plane of a system suffering from

*
triple diffraction, or zero or two hyperbolas for the case of double diffraction.

The distance of each of these hyperbolas is measured relative to
the detector as previously described under single diffraction and the detection
process handled in the same way. Additional care must be made to keep track
of the proper order of the multiple diffraction paths; as a consequence of the

method used to keep track of the paths, the source must be outside the field

stop, or the potential for errors exists.

4.3.6 Use of the Differential Ray Trace to Trace Diffracted Rays

One of the important consequences of using the ray diffraction
theory based on the method of stationary phase 18 that it 1is possible to trace
the diffracted rays through real optics, and examine the effect of the actual

aberrations present in the optics on the intensity of the diffracted stray
radiation.

To implement the ray trace of the diffracted energy, two separate

functions must be performed by the differential ray trace routine:

(a) The direction of the diffracted rays, which initially lie
on the diffraction cone, must be modified to account for

the effect of the real optics; and

(b) The energy density, which depends upon the apparent location
of the two astigmatic focil that are used to describe the
intensity of the diffracted ray, must be computed after
taking into account the effect of the aberrations on the

ray energy density.

i an T ST T CS MAPLY PN

*
The degenerate case of a hyperbola just grazing an aperture, resulting in a

single hyperbola at the next plane, is ignored for the purpose of this dis-
cussion, but is not ignored in the program.
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Each of these two functions is achieved by the use of the differ-
ential ray trace procedure; the details are given in Appendix I, The use of
the differential ray trace method for the examination of the effect of real
optics on system performance is given in the test system example (Section 7.2),
which describes an analysis of the Baffle I test system that was assembled at
Perkin-Elmer and subsequently tested for its off-axis rejection capabilities.

4.3.7 1Illustrative Example of Diffraction Analyeis: Triple Diffraction

In this section, the use of the method of stationary phase to derive
the BRDF for triple diffraction, for both detectors on and off axis, will be
described for the case of ideal (unaberrated) optics.

4.3.7.1 BRDF for Triple Diffraction - Detector On-Axis

The method of stationary phase can be used to derive an analytical
expression for the BRDF for an ideal simple telescope for the case of a detector
on-axis. The BRDF is

A -1
BRDF = —3 3 SF for ¢ % 0 (4.15)

217 c¢
at small angles. The wavelength 1is A\, the effective aperture radius is c and

the light is incident at an angle of § radians to the telescope axis.

By re-imaging the entrance aperture through a field stop onto a
slightly smaller Lyot stop, diffracted energy cannot directly pass from the en-

trance aperture to the focal plane; consideration of the condition for a diffracted

ray to be detected for a system containing a Lyot stop shows that diffracted

energy can reach an on-axis detector only by the type of path shown in Figure 4-6.

Each path contains three diffractions; there are no paths involving less than

three diffractions that can result in an incident ray outside of the field of view

hitting a detector within the field of view.

The equation of the BRDF for triple diffraction for an idealized
system containing circular apertures, a Lyot stop, and a detector in the center

of the field of view, is shown in equation (4.16) below,
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3
A
BRDF_ = —" ——— F(c/a) - F(R/#) (4.16)
T n7ceza2 3
where

ik 1 1
F(u) = = +

2 ) (1-u)? (l+u)2|

and A = wavelength
a = radius of entrance aperture image at Lyot stop plane
¢ = Lyot stop radius
B = field stop radius (radians)
¢

= gource angular position (radians)

It is worth noting that the equation (4.16) can be written as the
BRDF for single diffraction times a constant describing the attenuation result-
ing from the use of a Lyot stop. In this form, equation (4.16) becomes

2
izl ol
BRDF, = BRDF, ———— * F - F|=| #4>8 (4.17)
T 5 852 8 a
The relationship shown in equation (4.17) above has the general
shape shown in Figure 4-~7. As the figure shows, there are three regions of in-

terest in the above expression, as follows:

(a) If the source angular position is within the field stop,
then the expreassion for single diffraction must be used,

since single diffraction can reach the focal plane.

(b) 1If the source angular position is somewhat greater than
the field stop, then the expression yields BRDF values
that are in the transition region governed by the F %
term. In this region, the BRDF departs from the
‘_3 law that holds for the other two regions.

(¢) 1In the third region, the F[g] tranaition term goes to its

a function of the F‘%

asymptotic value of unity, and the BRDF can be written as
T term, which is a function of the

c/a ratio of the system, as follows:
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4.3.7.2 BRDF for Triple Diffraction - Detector Off-Axis

For the on-axis case, the analysis of the diffraction is aided by
the fact that the various paths of the diffracted energy from the entrance
aperture to the focal plane lie on a plane containing the optical axis of the
system. Equation (4.16) describing the net BRDF for the triple diffraction
case, is derivable in the form shown only because of the simplifications

permissible due to the fact that all the paths lie in a plane.

Once a detector is placed elsewhere in the focal plane, the geometry

of diffraction becomes more difficult, and a computer solution to the problem

of locating and evaluating the various paths to the detector becomes more practical
than the derivation of a closed form expression; hence, the development of the
GUERAP II computer program. Some results obtained with the diffraction portion

of this program, for the case of a detector located off the optical axis, are 1
included here. -

Figure 4-8 i1llustrates a test case involving an off-axis detector f
that was evaluated using the computer program. The three arrows labeled A,
B, and C indicate three directions in which a collimated source was used to
compute the BRDF of the system, the results are plotted in Figure 4-9. The

abscissa of Figure 4-9 is the angular separa.ica between the source and the

detector.

The test system parameters are as follows:

Entrance aperture = 10.0 cm diameter

1
|
Field Stop = 5.0° radius , 1

c/a ratio = 0.90 |
wavelength = 10 microns

Figure 4-9 illustrates the expected anisotropic nature of the BRDF
for a detector that is located off the optical axis - i.e., the BRDF curves
for the three source tracks yield different values of the BRDF for th. same

displacement of the source from the detector position.
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Figure 4-8, GUERAP 1II Triple Diffraction Analysis
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SECTION V

PROGRAM EXECUTION

A SALLUL TON
5.1 1NTRODUCTION

The GUERAP-II program categorizes stray light terms according to

whether the initial interaction with the system is diffuse scatter or diffrac-

tion. Diffuse terms are handled by first looking out from the detector and

marking areas that can be seen. These areas are called (Level 1) critical

the entrance aperture is filled with rays and any critical areas

that are illuminated give rise to (single) diffuse scatter terms.

areas. Then,

Similarly, by looking out from the Level 1 critical areas, Level 2

critical areas are marked.

These Level 2 areas glve rise to double diffuse

scatter terms when they are illuminated. In principle, the method could be

extended to any desired level, but the present implementation terminates at

Level 2. Diffraction terms are computed by illuminating edges specified by

the user and computing the diffracted energy reaching the detector by the

methods described in Section III. Single, double, and triple diffraction

terms can be handled as well as diffract-mirror diffuse terms,

One minor and three major main programs perform the computations

described above, WRTABLE, the minor program, writes specular and diffuse BRDF

tables described by the user onto a file for use with the other three programs,

and is discussed in Section 5.2.1. TCRIT computes the critical areas and is

described in Section 5.2.2. TDFUS, described in Section 5.2.3, computes dif-

fuse terms using tables set up by TCRIT. Finally, diffraction terms are cal-

culated by TDFR, which is discussed in Section 5,2.4. TDFR uses tables set

up by TCRIT to compute diffract-mirror diffuse tems.,

72
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The normal procedure for doing an analysis is to generate the
(13
specular and diffuse reflectivity tables. Then a Level 1 critical analysis is

F y performed and the critical tables are written on file. The Level 1 diffuse

i e terms are computed next, which also causes the illuminated surfares to be

E ve marked. Now, the critical program can be run again to compute the Level Z
du view factor terms, after which the diffuse program can calculate the Level 2
T diffuse terms., At any point after the Level 1 critical surfaces have been
i, determined, a complete diffraction analysis, including pure single, double,

and triple diffraction as well as diffract-mirror diffuse terms, can be ac-
;‘ complished.
e Figure 5-1 is a block diagram which illustrates the above procedure.
(B
Breaking up the analysis into four separate programs provides several

i advantages when running the program. Input errors, or possibly even design ec-
) rors, may show up as early as the Level 1 critical analysis stage. Errors can
i be corrected at this stage (and subsequent stages) instead of running through
La a now useless analysis, thereby saving computer time. Also, since the critical
— tables do not depend on the source angle, a few source angles can be run first,
Ll then more can be run without redoing the critical analysis. Also, an examina-
. tion of the critical tabies themselves may show a problem for certain source
; angles that otherwise would not be tried.
T 5.2 SUGGESTED PROGRAM EXECUTION PROCEDURE

Details concerning the running of each program are provided in i

the .cllowing paragraphs.

5.2.1 (Cenerating Reflectivity Tables

i The reflectivity tables used in GUERAP-II are functions of two

. angles: the angle of incidence and the angle between the desired direction

and the direction of specular reflectance, called the scatter angle. The tables
are ordered first with respect to angle of incidence, then with respect to the
scatter angle. For each angle of incidence, we have first the specular reflec-

tivity at that angle, then a set of scatter angles and their associatec BRDF
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values, The program assumes a Step-function with the constant value holding

between the previous angle and the angle glven,

Table values are entered as data to the program WRTABL. (Refer to
Section 6.2.18 for details of how the tables are to be entered,) This program
writes out, on FORTRAN units 1 and 2, the specular reflectivity and diffuse

BRDF tables, respectively. These tables are then read back in and used by
the other GUERAFP programs.

FPigure 5-2 shows the arrangement of a typical BRDF table.

5.2.2 Generating Critical and View Factor Tables

The GUERAP-II program calculates first-order diffuse stray radiation
terms by computing and marking all areas, called critical areas, that can be
seen by a detector, eilther directly or specularly off one or more mirrors.
Higher-order terms are calculcted similarly, with lower-order critical areas
playing the role of a detector. Three matrices input by the user guide the
TCRIT program in finding these critical areas. These matrices, called the
hand-calculated view factor matrices, consist of an aperture-to-aperture
matrix, and aperture-to-section matrix, and a section-to-section matrix. The
first two matrices are used to compute all mirror paths to the critical areas,

while the third matrix is used to compute the direct paths.

The user begins by selecting a subset of the apertures in the sys-

tem, called the set of critical apertures. These critical apertures describe

how the imaging rays get through the system. The set of critical apertures
nust ‘nclude the limiting aperture for each mirror in the system. In addition,
eac aycvture that limits or obscures what one mirror can see of another must
also be included in the set of critical apertures. Thus, in a typical system,
the critical apertures include field stops, Lyot stops, and obscuring apertures,
if any or all of these exist in the system. Once the critical apertures have
been selected, they are described to the system by two parameters: the ordinary
aperture number, and the mirror number of the associated mirror 70 if there is

no associated mirror, as in the case of a field stop, etc.).
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The next step is to construct the aperture-to-aperture matrix.
This matrix describes which critical apertures see which other critical aper-
i tures. A critical aperture is said to see another critical aperture if, and

4 only if, a direct path through no intervening critical aperture exists. The

user is never required to specify mirror paths, because mirror apertures must
be critical apertures.

By definition, critical apertures do not see themselves.

To complete the description of possible mirror paths, the aperture-

. to-section matrix is specified next. This matrix describes which critical aper-

tures directly see which sections. 1If there is an aperture that limits or par-
tially obscures this view, it is also specified. (If there is more than one

such apcrture, the most appropriate one is chosen.)

The program builds a list of trial mirror paths as follows: (It is

assumed that the starting point for all paths is in section A, while the target

¢ surface is in section B.)

1 (a) The aperture-to-section matrix is checked for the next

critical aperture seen from section A. This critical

aperture 1s placed first on the critical aperture sequence.

When there are no more critical apertures, the list is com- ]
plete.

]

(b) The aperture-to-section matrix is checked to see whether §

section B sees the last critical aperture in the sequence.

If so, the sequence 1s added to the list.

(c) Regardless of the outcome of step (b), the aperture-to-

ek

aperture matrix is checked in order to find out whether
the last critical aperture sees any other critical aper-

ture not yet checked and not already in the present aper-

ture sequence, (The above restriction is invoked to pre-

vent the generation of an infinite number of possible paths,
and requires care (and possible trickery) in the choice of
critical apertures, as no critical aperture i+ allowed to
appear more than once on any given mirror path.) If there
is another aperture, it is added to the sequence and then

step (b) is repeated. ﬁ
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(d) Otherwise the last aperture on the sequence is deleted.
If there still 1s an aperture in the sequence, step (c)

is repeated. Otherwise step (a) 1s repeated.

Differential ray trace techniques (described in Section III) are
then used to check these potential paths to find out whether any other paths

actually exist in the system.

Finally, to allow the computation of direct paths, the section-to
section matrix 1s specified., This matrix describes which sections can directly
see which other sections (limiting or obscuring apertures are also specified as
in the aperture-to-section matrix described above). Unlike the critical aper-

tures, sections can always see themselves, These paths are then checked by the

differential ray trace method.

Thus, by simply stating the direct paths possible in the syetem,
the program is able to pick out the direct and mirror paths that actually exist

in an optical system,

There are two possible modes of operation to consider when running
the TCRIT program. The first mode generates a new Level 1 table. No previous
critical tables are required, and the new table will be output (in binary for-
mat) on FORTRAN unit 12, The second mode uses a previously generated critical

Level 1) table as well as illumination information generated during a Level 1
TDFUS run (paragraph 5.2.3) to generate a new set of Level 2 view factors. Note
that Level 2 terms are only computed from critical surfaces of Level 1 to il-
lunin ted surfaces, thus saving computer time and storage. This can be done
hecause only illuminated Level 2 surfaces can give rise to double diffuse terms.
For the Level 2 case, the previous critical and {llumination tables are read in
on FORTRAN unit 11 and new tables are output on FORTRAN unit 1?2. Data input
details are given 1in Section VI. Note that the data in paragraph 6.2.14 are
an exception to this case; BRDF data are read in on FORTRAN units 1 and 2.

9.2.3 Computing Diffuse Terms

Once the critical and view factor tables of the appropriate level

have been computed, the calculatiun of diffuse terms becomes straightforward.
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The critical and view factor tables are read in on FORTRAN unit 11; the diffuse
analysis is performed for the set of input angles; and, if desired, the critical,
view factor, and {llumination tables are written out on FORTRAN unit 12, This
method of operation means that the user can run a diffuse analysis for only a

few source angles, look at the data, and then run new source angles without re-

computing the critical and view factor tables.

Data input detalls are given in Section VI. BRDF data files are
read in on FORTRAN units 1 and 2.

5.2.4 Computing Diffraction Terms

In computing diffraction terms, unlike the diffuse case, the user
must specify the edge sequences at which the program is to look. The user
begins by specifying the number of edges at each of Levels 1, 2 and 3, If
the user specifies 1 edges at Level 1, J edges at Level 2 and K edges at Level 3,

then the first (I) edges specified are Level 1 edges, the next (J) are Level 2

and the last (K) are Level 3 edges, An edge is specified by giving its aperture

or baffle rumber, the number of aperture or aperture-mirror palrs between that
edge and its destination (the detector plane for a Level 1 edge, or a Level

n-1 edge for a Level n edge), the section number of the edge if it is 1llumi-
nated (otherwise 0), and its destination edge number if the edge is Level 2 or

higher (the destination edge number is the position of that destination edge

which has been previously defined in this list). Aperture and aperture-mirror

pair sequences are defined as in the critical aperture sequences. Note that

the tevel of an edge is the number of diffractions that occur, starting at the

edge 2nd reaching the detector,

Level 2 diffraction terms include both double diffraction and

diffraction-mirror diffuse terms. Therefore, is is necessary to have pre-

viously run a critical analysis of the system, and to read the critical tables

in through FORTRAN unit 11. (BRDF tables must also be read in on units 1 and 2.)

Data input details are given in Section VI. Paragraph 6.2.14 de-
scribes the speclial diffraction input data described above. Note rL.at this
data is read in on FORTRAN unit 3,
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5.3 PROGRAM OUTPUT REPORTS

There are four input and output reports which can be generated by
the GUERAP II program. The selectlion of the reports to be generated for any
given run is specified by the input parameter INMOD.

5.3.1 Input Report

The report is used by the program user to verify the correctness
of the information given to the program on the data cards. For each of the
input data cards, the program first prints a line indicating what information
was expected on the succeeding card, followed by a line giving the actual data
that was read in on that card. An example of this report 1is shown in Section

Il of Appendices I and 11.

5.3.2 Optical Form Report

The optical form report is a summary of the information given by
the input data describing the physical system. This report 1is used primarily
for a quick check to describe the system that was analyzed and also for insertion
in reports for future reference. The optical form report was designed to be
easily readable by people unfamiliar with the specific ocperation of the program
and the parameters needed by it. An example of the optical form report for the

Baffle 1I system is given in Figure 5-1.

The following 1s an explanation of the various parts of this report.
Cross referencing i1s ."sed in various cases to assist the readers in understand-

ir,; the details of the entered system.

5.3.2.1 Coordinate Systems

Coordinate systems are specified by the user in terms of a transla-
tion and rotation from any previously defined coordinate system. in this out-
put section, all coordinate systems are expressed as a translation and rotation
from coordinate system 1. In all succeeding output, all coordinate systems are
treated as a rotation from coordinate system 1 (i.e., the coordinate systems

are translated back to the origin of coordinate system 1).
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5.3.2.2 Sections

The first parameter given for each section 1s the type. The section

type is given by the specific type used in the input data. A value of 0-99

represents a standard baffled section; 100-199 represents an end section,
200~299 reprasents a concave mirror, and 300-399 represerts a convex mirror.
The values for Z1 and Z2 represent the Z coordinates of center of the aperture
which defines the ends of the section. In sections that contain an unobscurred
concave mirror at one end, there are not two ends. In these cases, a value of
N.0 is given for the Z-value. The section axis number refers to the coordinate
system which is the axis for that section. The values of Z1 and Z2 given are
with respect to the section axis. The section contents gives the numbers of

the specific mirrors, apertures, and tubes which define that section.

5.3.2.3 Mirrors

Each mirror 1s described here. The column labeled section refers
to the section in which the mirror 1s located. 'The aperture numbers give the
numbers of the apertures that define each of the mirrors. In the case of a
convex mirror two apertures are necessary; one behind the mirror to cut off
the section of the sphere to be used, and a second one in front of the mirror
to define from what points in space the mirror may be seen. The mirror type

is +1 for a concave spherical mirror, and -1 for a convex one.

The aperture numbers are followed by the mirror center of curvature
and the vertex of the mirror. The mirror axils is the number of the coordinate
sy tem which serves as the axis of the mirror. The mirror dimensions are the

radii of curvature of the mirrors.

blo 3)dWag apcrtures

The aperture data given are the numbers of the two sections which
this aperture separates; mnext ls the aperture type which, like the mirror type,
defines the geometric shape. The geometric shapes for the apertures are defined
in Section 6.2.8., The z-axis position gives the z-coordinate in the system

given as the aperture axis. The dimensions of the aperture are those measured

along the X and Y axes.
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5.3.2.5 Tubes

The tube type gives the shape of the tube and follows the same
codes as those for apertures, while 21 and Z2 give the Z-coordinates of the
centers of the tube at its extreme ends. The coordinate system to which all
measurcments and coordinates refer is given by the tube axis. The real tube
dimensions refer to those along the X and Y axes of the physical tube. When
the tube has baffles, an imaginary tube is specified with dimensions given
that describe the exposed baffle edges.

The number of the baffle group which 1s contained in the tube is

the last parameter given.

5.3.2.6 Baffle Groups

The baffle group gives the section in which this group is contained,
followed by the baffle type which gives the shape made by the exposed baffle
edges. This follows the key to the shapes which has already been given in the
previous paragraphs; Z1 and 22 give the Z-coordinates of the first and last
baffle in the plane of their exposed edges. The number of baffles in this
baffle group is the final figure.

5.3.2.7 Baffle Group Summary

Since so much data 1is involved in describing the baffles, a further

section of the report gives more complete information about each of the baffle

groups mentioned in the previous paragraph.

For this report, specific information is given for each baffle

according to baffle groups. The first parameter is the type which refers to the

shape of the baffle. The Z value given is the Z coordinate at the exposed baffle

along the X and Y axes. i
|
5.3.3 Final Report 1

5.3.3.1 Unwanted Energy Summary

In this report (IOPTN=1 or IOPTN=3) a separate report is generated

for each source and detector specified in the input data. Values are given i
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for the specular throughput of the system analyzed. In addition, if the user
specified that the program calculate baffle diffraction, baffle diffuse, baffle
specular or baffle diffuse terms, then values are given for them. Additionally,
a composite value for all the terms plus the value for the total system has

two values from this report; one value for the system BRDF, and a second value

for the Point Source Rejection Ratio.

5.3.3.2 Specular Irradiance Matrix (Detector Plane Report)

This report is selected by giving a value of 2 or 3 to IOPTN. The
values printed out represent the specular throughput to each bin of the detector
plane. The bins are printed out in 8 columns, column 1 containing the energy
for bins 1 to nbins, column 2 having the values for bins nbins + 1 to nbins +
nbins, etc. This information 1s followed by the assumed detector subtense and

other information that was included at the end of the Unwanted Energy Summary.

5.3.4 Hand Calculated View Factor Report

The report generated by subroutine OHCVF gives a printout of the
three view factor matrices. A 1 in the matrix indicates that some portions of
the two surfaces in question can probably see each other. A negative number
indicates that the view is limited by an intermediate aperture. The three
view factor matrices are the critical aperture-to-critical aperture matrix,
the critical aperture-to-section matrix, and the section-to-section matrix.
Also given 1s a table of the critical apertures and the numbers of the mirrors
associated with these apertures to identify which critical apertures correspond

te which of the actual system apertures.

5.3.5 Incoming Ray and Detector Plane Report

The report, generated by subroutine ORAYS, gives a summary of the
source data and detector data that were input. The source 1is identified as
one of the eilght possible source types. For the first four source types,
values are given for the radii of the inner and outer concentric circles and
for the Initial and final values of the angle THETA to define the area of the
entcance aperture from which rays are to be traced. Also values are given
for the number of concentric circles to be used and the number of angle divisions

to define the density and starting positions for the incoming rays.
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For the second four source types where a hexagonal grid is used
instead of concentric circles, values are given for the minimum and maximum
values oot ¢lie X and Y axes to define the position of the grid of incoming rays
in the entrance aperture, and the number of X and Y increments gives the density
and position of the incoming rays on the grid. Since this source type uses

differentials the input values for the maximum recursion level and fractional

covering are given.

The input value of the source position is given for the finite con-

jugate cases. And, finally, for all eight types of source the attenuation cut-

off value is reported.

The detector position is given by the number of the aperture which
defines the detector plane, the X, Y, and Z coordinates of the center of the
detector plane, and the coordinate system in which those coordinates lie. The
detector plane is a grid with detectors at various positions on that grid.
Values are given for the size of the whole grid and for the size of a small
division on the grid. Also given are the X and Y coordinates for the positions

of the detectors and the detector angular subtense.

5.3.6 Critical Surface Report

The report generated by OCRIT gives a summary of data identifying
the critical surfaces (those surfaces which can see the detector directly or

by interactions only with mirrors).*

If there are any critical areas on the tubes then the information
repc ted for them is: the number of the system tube containing the critical
area, the solid angle from the critical area on the tube wall to the detector
plane, and the X or Y and Z coordinates of four points which define or place
the critical area. For apertures the data given is the number of the aperture,
the side of the aperture on which the critical area lies (1 = top, 2 = bottom),

the solid angle the detector makes with the critical areaﬁ*and the X and Y

*
These are actually Level 1 critical surfaces. Level 2 critical surfacaes are
those that sec Level 1 surfaces.

*
.If the critical surface cannot see the mirror directly or specularly off mirrors,
i.e., it 1s a Level 2 or higher critical surface, the solid angle 1s weighted by

the solid angle to the critical area seen, times the BRDF of the diffuse interaction
at that intermediate surface.

84

— . - i i e i Kl e il




]
i
t.
!
g

PERKIN-ELMER

Report No. 11615

coordinates of three points in the critical area to mark the placement of the
area. Similarly baffles which are critical are identified with the number of
the baffle group, the number of the specific baffle unit in that group (where
a baffle unit is a three-sided enclosure comprised of the upper side of the

bottom baffle, the lower side of the top baffle, and the wall Joining the two
baffles). The unit number 1s the baffle number of the top baffle. The side
indicates on which part of the unit the critical area lies, next is given the

solid angle to the detector, and the X and Y coordinates of three points in
the critical area.

Lastly the sizes of the critical tables and the execution time

for this run are glven.

85




oo e T

PERKIN-ELMER
Report No. 11615

SECTION VI

DATA ENTRY

6.1 INPUT DATA SUMMARY

In this section, the detailed input data format is called out for
all of the data that 1s required by the GUERAP II computer program. Table 6-1
is a compilation of all of the required data by type, and contains cross ref-
erences to the appropriate subparagraph of Section 6.2 that contains the de-

tailed input data definition and format required.
NOTE

The GUERAP II computer program, as presently configured, is exe-
cutable in three separate modes; diffuse and diffract calculation
modes, and BRDF table generation mode. (Refer to Section V for
details.) The input data required for each of these modes is
somewhat different, as listed below:

Program mode Input data required

Diffuse analysis 1.0 Run data
2.0 Optical form data
3.0 Materials data
4.0 Hand calculated view factors
6.0 Computation level
4 7.0 Redefined baffie data (optional)

Diffract mode 1.0 Run data
2.0 Optical form data
3.0 Materials data
4.0 Hand calculated view factors
5.0 Diffraction data
6.0 Computation
7.0 Redefined baffle data (optional)

BRDF Table Generation 8.0 BRDF Table Generation

oxn: ¢ Al dang 3
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TABLE 6-I. GUERAP INPUT DATA

1.0 RUN DATA

1.1 INPUT/OUTPUT
CONTROL

1.2 SOURCE DATA

1.3 DETECTOR DATA

. 2.0 OPTICAL FORM DATA

2.1 COORDINATE SYSTEMS

2.. MIRRORS

2.3 APERTURES

2.4 TUBES

1.1.1 Input Unit No., Output Modes

1.1,2 System Title

1.1.3 Run Type and Desired Scattered
Light Subsets

1.2.1 Source Type

1.2.2 Entrance Aperture Coverage, and
Source Angles '

1.2.3 Specular Cut-off, Number of DUfer-
entlal Iterations, Area Threshold

1.3.1 Number of Detectors, and Detector
Plane Axls

1. 3.2 Position of Detector Plane

1. 3.3 Position of Each Detector

1.3.4 Subdivision of Detector Plane
for Specular Irradiance Analysis

1.3.% Detector Area, and System EFL

2.1.1 Number of Coordinate Systems
2.1.2 For Each Coordinate System, Enter:

2.1.2.1 Reference Axis Number of Reference
Coordinate System

2,1.2.2 XYZ Coordinate of Origin

2.1.2,3 Euler Angles for Axis of New Co-
ordlnate System

2.2.1 Number of Mlrrors

2.2.2 For Each Mirror, Enter:

2.2.2.1 Number of Coordinate System that
Defines Axis and that which Defines
Center

2.2.2.2 Mirros Type and Center of Curvature
Coordinates

2.2.2.3 BRDF Type and Scale Factor

2.3.1 Number of Apertures

2.3.2 For Each Aperture Enter:

2.3.2.1 Aperture Type (Circular, etc...)}
2.3.2.2 Upper and Lower Section Numbers

2.3.2.3 Coordinate Systems Deflning Axis
and/or Center

2.3.2.4 XYZ Coordinates of Center
2.3.2.5 Aperture Radii Data
2.3.2,8 BRDF Type and Scale Factor

2.4.1 Number of Tubes

2.4.2 For Each Tube, Enter

2.4.2.)1 Tube Type (Clrcutar, etc...)
2.4.2.2 Number and Type of Baffles Contained

2.4.2.3 Coordinate Syatems Delining Axial and/

or Center
2.4.2.4 XYZ Coordinates of Tube Center
2.4.2.3 Tube Radil Data. Tube Angle Data
3.4.2.6 BRDF Type and Scale Factor
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8.2.1
6.2.2
6.2.3

6.2.4

8.2.7

6.2.8
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2.8 STANDARD BAYFLE
DATA

2.6 SECTIONS

2.7 WILD CARD BAFFLES

3.0 MATERIALS DATA

3.1 MIRROR BRDF DATA

3.2 BAYFLE BRDF DATA

4.0 HAND CALCUIATID VIEW
FACTOR MATRICES

4.1 CRITICAL APERTURES

4.2 MATRICES

5.0 DIFFRACTION DATA

8.1 GENERAL

8.2 CRITICAL EDGES

Report No. 11615

GUERAP INPUT DATA (Continued)

2.8.1 Number of Standard liaffles 6.2.0.1
2.5.2 Yor euch Standard Baffle, onter:
2.5.2.1 Type of Hullle

2,5.2.2 Z Coordlnate of Interaection with
Imaginary ‘Tube

2.5,.2.3 Slopes of Each Balfle
2,5.2.4 Number of Tube Containing Baffle -
Numbers of Upper and Lower Apertures
2,6.1 Number of Sections 68.2.10
2.6.2 For each Scctlon, enter:
2.6.2.1 Type of Sectlon (Standard Baffle, etc... )
2.6.2.2 Number of Tube contalning Section
2.6.2.3 Upper and Lower Aperture Numbers
2,6.2,4 Holes and Wild Card Baffles

2.7.1 Number of Wild Cards 6.2.11
2.7.2 For each Wild Card, enter:

2.7.2.1 Section Number and Wild Card Baffle
Numbers

2.7.2.2 Z Axls Position and Baffle Type

3.1.1 Number of BRDF Types 8.2.12
3.1,2 For each type enter BRDF Data

3.2.1 Number of BRDF Types
3.2.2 For each type enter SRDF Data

4.1.1 Number of Critical Apertures 6.2.13
4.1.2 For each Critical Aperture, enter:

4.1.2.1 .Number of System Aperture Corre-
sponding to Critical Aperture Number

4.1.2,2 Nomber of Mirror that Aperture
delines

4.2.1 Numbers of Critical Apertures that
can be seen by any Critical Aperture

4.2,2 Numbers of System Sections that can
be seen by any Critical Aperture

4.2.3 Numbers of System Sections that can
be seen by any System Section .

5.1.1 Wavelength 8.2.14
6.1.2 Number of polnts around edges

5.2.1 Number of Critical Edges at each Level

8.2,.2 If edge is Aperture, input Aperture
Number

5.2.3 If edge is baffle, enter Tube, Section,
and Baffle Number

8. 3.1 Number of Apertures in sequence to
next edge or detector

8.3.2 Aperture Number and, i applicable,
Mirror Number
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6.0 COMPUTATION LEVEL
6.1 LIMITS

6.2 CRITICAL TABLES

7.0 REDEFINED BAFFLE
SYSTEM DESIGN DATA

7.1 SUMMARY
7.2 MIRRORS

7.3 APERTURES

7.4 TUBES

7.3 STANDARD BAFFLE
DATA

7.8 WILD CARD BAFFLES

7.7 SECTIONS

8.0 GENERATE BRDF TABLES

GUERAP INPUT DATA (Continued)

6.1.1 Minimum Stray Light Level
6.1.2 Maxinwum Stray Light Level

8,2.1 Restors Previous Critical Tables?
6.2.2 Save New Critical Tables?

7.1.1 List of redefined Options wanted
7.2.1 Number of Mirrors to be redefined
7.2.2 For each Mirror, give:

7.2.2.1 Mirror Number

7.2.2.2 Mirror Type and Dimensions
7.2.2.3 BRDF Type and Scale Factor

7.3.1 Number of Apertures to be redefined
7.3.2 For each Aperture, give:

7.3.2.1 Aperture Number and Section Numbers
7.3.2.2 Aperture Type and Dimensions

:l. 4.1 Number of Tubes to be redefined
7.4.2 For each Tube, give:

7.4.2.1 Tube Number

7.4.2.2 Tube Type and Dimensions
7.4.2.3 BRDF Type and Scale Factor

7.5.1 Number of Standard Baffle to be rede—
fined

7.5.2 For each Standard Baffle, give:

7.5.2.1 Standard Baffle Number and Tube
Number

7.8.2.2 Type of Standard Baffle

7.8.2.3 BRDF Type and Scale Factor

7.8.1 Number of Wild Card Baffies to be
redefined

7.6.2 For each Wild Card Baffle, give:

7.6.2.1 Number of WildCard Baffle and
Section Number

7.6.2.2 Type of Wild Card Baifle

7.6.2.3 BRDF Type and Scale Factor

7.7.1 Number of Sections to >e redefined
7.7.2 For each Section, give: .
7.7.2,1 Number of Section and Tube Number
7.7.2.2 Type of Section
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E 6.2 INPUT DATA FORMAT

6.2.1 Output Options

NOTE

i Card | below is read in on FORTRAN unit 5. Subsequent cards, up
to (but not including) section 6.2.14, are read in on the FORTRAN
unit number specified in the first parameter below (KIN). Section
6.2.14 is read in on FORTRAN unit 3, sections 6.2.15 - 6.2.17 are
read in on FORTRAN unit 5.

Card 1 Format = 316
/ (1) KIN = FORTRAN input unit number.
‘ (2) MODE = 0 No ray trace diagnostic printout.
$ = 1 Ray trace printout for trial and actual
3 intersections,
.
1 = -1 Ray trace printout for actual inter-
sections only.
NOTE
A value of MODE = 0 is normally used,
(3) MODIPR = -2 No output,
= -1 Optical form reports and final report.
= 0 Optical form reports, final report, and
input report.
(4) MODOPR = 0 No additional output,
= 1 Detector plane report.

NOTE

Normal practice is to set MODIPR = O for the first rum, to en-
sure that the input data has been entered as desired, Subse-
qQuently a value of MODIPR = -1 would be used. A value of MODIPR
= | will produce a report showing the origin of all terms that
get to the det 'ctor plane, A large quantity of output is likely

to be produced in this case unless great care is taken with other

input parameters

Details of these reports are given in section 5.2,
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6.2.2

System Title

(1)

6.2.3 User Options

Card 1

ITITLE

Card 1

System name

Report No. 11615

Format = 104A

Format = 616

=

(2)
(3)
(4)
(5)

(6)

IDIFFR

IBSPEC

IBDIFF

IMSPEC

IMDIFF

LOPTN

W N - = 0O = O = © = O +» O

Do not perform
Perform baffle
Do not perform
Perform baffle
Do not perform
Perform baffle
Do not perform
Perform mirror
Do not perform

Perform mirror

Printout the scattered light subset report.
Printout spocular irradiance matrix.

Printout both scattered light subset and
specular irradiance reports,

baffle diffraction calcula*ions,
diffraction calculations.

baffle specular calculations.
specular calculations,

baffle diffuse calculations.
diffuse calculations.

mirror specular calculations.
specular calculations,

mirror diffuse calculations.

diffuse calculations.

NOTE

The IOPIN parameter allows the user to select the form of the final

report he desires,

A value of IOPTN = 1 18 normal.

are described in section 5.2.3.

6.2.4 Source Data

of entering rays)may be described to the program in either one of two distinct

ways .

These reports

The angular position of a source (and thus the direction(s)

Both methods describe, in terms of the standard coordinate system, the

position of the center of the entrance aperture as seen from the source.
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The first way describes the position of the entrance aperture in
terms of angular cartesian coordinates. These coordinates are simply the
arctangents of the ratios of the x direction cosine over the z direction
cosine and the y direction cosine over the z direction cosine of the incoming
ray, respectively. Thus, if C, D, E, are the », y, z direction cosines, then
ALPHA = arctan (C/E) and BETA = arctan (D/E). This is the usual way of speci-
fying those angles to the program, See Figure 6-1,

An alternate way of specifying the source angles is in terms of
elevation and azimuth. In this method; ALPHA is the angle between the incom-
ing ray and the z-axis, while BETA is the angle the projection of the ray on
the x-y plane makes with the x-axis. To specify this second method, the input
variable INMOD should have a negative sign. See Figure 6-2,

NOTE

If the INMOD value given below is positive, the source angles
ALPHA and BETA are angular cartesian coordinates. A negative
value of INMOD indicates that ALPHA and BETA are elevation and

azimuth source angles.

Card 1 Format = 16

///*(1) INMOD

L[]

1 Diffuse light source, concentric circles of
rays fill the aperture, no differentials,

= 2 Collimated light (point source at infinity),
concentric circle of rays fill the aperture,
no differentials,

= 3 Point source at a finite distence, concen-
tric circle of rays fill the aperture, no dif-
ferentials,

= 4 Collimated light, rectangular grid, no differ-
entials,

= 5 Diffuse light source, hexagonal grid of rays
fill the aperture, with differentials,

= 6 Collimated light (point source at infinity)
hexagonal grid of rays fill the aperture, with
differentials.

= 7 Point source at a finite distance, hexagonal
grid of rays fill the aperture, with differen-
tials,

= 8 Collimated light, rectangular grid, with dif-
ferentials,
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NOTE

The remaining source data cards depend on the specification of

a concentric circle or hexagonal grid of incident rays as follows.

NOTE

In cards 2 and 3 below (RMIN, RMAX, THETAl, THETA2, N, NN) or
(XST, XFIN, YST, YFIN, N, NN) define the portion of the aperture
to be filled with rays from each source; ALPHAl, ALPHA2, BETA],
BETA2, NNN, NNNN define the number and angular positions of each

*,

N sources = NNN * NNNN

! 6.2.4.1 Concentric Circles (INMOD = 1, 2 or 3) See Figure 6-3.

Card 2 Format = 8F10.5
///>(1) KMIN = Radius of innermost concentric circle of rays

in entrance aperture,

(2) RMAX = Radius ¢f outermost concentric circle,

(3) THETAl = First angular polar coordinate describing
sector of aperture to be filled with rays
(in degrees).

(4) THETA2 = Second value of angle THETA, in degrees.

(5) ALPHAl = Initial value of source position angle ALPHA,
in degrees.

(6) ALPHAZ = Final value of ALPHA, in degrees.

(7) BETAl = Initial value of the source position angle BETA,
in degrees

(8) BETA2 = Final value of the angle BETA, in degrees,

[
Card 3 Format = 416

(1) N = Number of R positions.

(2) NN = Number of THETA positions.

(3) NNN = Number of ALPHA positions.

(4) NNNN = Number of BETA positions.

*
One exception: if (ALPHA, BETA) are elevation and azimuth (negative INMOD),

and one value of ALPHAl = 0., then:

Nsources = (NNN-1) * NNNN + 1
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card for the case INMOD = 3 only) Format = 8F10.5

] /(1)

TDIST = Distance from the source to the entrance aper-
ture,
Card 5
(1) RCUT = Energy density cutoff value for ray trace termi-

nation, relative to unity energy density of
incident rays.

6.2.4.2 Hexagonal Grid

(INMOD = 4, 5, 6, 7 or 8) See Figure 6-4.

Card 2 Format = 8F10.5
//,>(1) XST = Initial value of X on grid (see drawing). |

(2) XFIN = Final value of X on grid.
(3) YST = Initial value of Y on grid,
(4) YFIN = Final value of Y on grid.
(5) ALPHAL = Initial value of the angle ALPHA, in degrees.
(6) ALPHA2 = Final value of the angle ALPHA, in degrees.
(7) BETAl = Initial value of the angle BETA, in degrees.
(8) BETA2 = Final value of the angle BETA, in degrees.

Card 3 Format = 416
(1) N = Number of X positions,
(2) NN = Number of Y positions,
(3) NNN = Number of ALPHA positions,
(4) NNNN = Number of BETA positions,

Card 4 (This

card for the case INMOD = 7 only) Format = F10.5

(1) TIDIST = Distance from the source to the entrance
aperture,
Card 5 Format = E12.4
(1) RCUT = Energy density cutoff value for ray trace

termination, relative to unity energy density
of incident rays,
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Card 6 Format = 16
| (1) MAXLEV = Maximum number of differential iterations to
1 \ be permitted.
: Card 7 Format = F10.5
(1) RCOVER = Iteration area threshold (differential routine

will iterate a differential of its area drops
below RCOVER fraction of its initial entrance
A aperture area; typical value = 0.80)., This

. value is significant only if MAXLEV > 1.

6.2.5 Detector and Focal Plane Data

62 55l Detector Location Data

Card 1 Format = 3F10.5
///>(1) XDET = X covordinate of the center of the detector
plane.
(2) YDET = Y coordinate of the center of the detector
plane,
(3) ZDET = Z coordinate of the center of the detector
plane,
‘ Card 2 Format = 216
{ (1) NDET = Number of detectors (maximum of 10).
(2) IDETAX = Axes of detector plane. (Detector plane is
X-Y plane of the axes specified.)
NOTE
Card 3 below is repeated with one card
for each of the NDET detectors.
Card 3 Format = 2F1).5

(1) DETPOS(l) = X coordinate of center of detector within
{ detector plane,

(2) DETPOS(2) = Y coordinate of center of detector within
detector plane,.
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: 6.2.5.2 Focal Plane Bin Data (for recording specular throughput)

Card 1 Format = 16

///'(1) NBINS

il

The number of bins along an edge of the detector
plane; must be an even number (maximum of 8).

Card 2 Format = F10.5

[//, (1) BINSIZ The length of an edge of a bin in the detector
plane.

6.2.5.3 Detector Size Data

Card 1 Format = 2F10.5

(1) DTAREA
(2) EFL

The area of a detector.

Effective focal length of the optical system.

6.2.6 Coordinate Systeus

In an off-axis optical system, the program requires each surface
to be specified in a coordinate system natural to that surface. The follow-

ing paragraphs show how these different coordinate systems can be specified,

The first step is to determine a reference coordinate system,
For GUERAP the entrance aperture plane is usually defined to be the reference
X-Y plane since source angles are given in this coordinate system, The 2
axis is normal to this plane, positive Z-axis in the direction of propagation;
the X and Y axes are defined in the X-Y plane to yield a right-handed co-
ordinate system. This system is given the number 1 and is the reference co-
ord.nate system and is pre-defined., Other coordinate systems are defined
with respect to the reference system or other coordinate systems previously
defined and given the numbers 2, 3,..etc., in sequence as they are defined.

Thereafter, the coordinate systems can be referred to by number.

Coordinate systems are defined in terms of a previous coordinate
system by the three angles, B, Y, 8§ called the Euler Angles of the coordinate
system (ref: Synge and Griffith, Principles of Mechanics, McGraw-Hill 1959,

pp. 259-261). The new coordinates can be obtained from the old ones by the | ﬁ
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following set of rotations performed in the order given: first rotate about

| the Z axis through the angle B; next rotate about the new Y axis through the

i angle Y; finally rotate about the new Z axis through the angle 8. Note that
i the first two rotations serve to bring the Z axis into position, and the final

rotztion brings the X and Y axes into position. See Figure 6-5.

The problem is greatly simplified if all rotations lie in the
reference X-Z plane., Then B is 0° or 180°, depending on whether the rotation
‘ is toward the positive or negative X axis (note the X and Y axes are reversed

] for B = 180°), Y is then the angle of rotation in the X-Z plane, and 8 is 0°.

; Card 1 Format = 16

r//>(1) NAXES = Number of coordinate systems (maximum of 20).

NOTE

Cards 2 - 4 below should be repeated for each cuordinate system
except the first coordinate system; the first coordinate system

has an assumed reference axis number of one (IAXIS = 1), and an

assumed origin of 0.,0.,0.). Thus, there should bte (NAXES = 1) k-

sets of cards 2 through 4.* 4

Card 2 Format = 16 ?

(1) IAXIS = Reference axis number (the number of the co- %

ordinate system from which this system is :

derived). |

s ,;
1 -
i [
{ 4
f *These sets of cards must be in order; the reference axis number for each | 4
4 coordinate system is implied from the position of its set of cards in the :

coordinate system stack. '

< s s i, b
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Figure -5, Euler Angles
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Card 3 Format = 3F10.5

NOTE

XAX, YAX, ZAX below describe the position with

respect to the IAXIS coordinate system.

///'(1) XAX

(2) YAX = Y coordinate with respect to the IAXIS system
of the origin for the new coordinate system.

X coordinate with respect to the IAXIS system
of the origin for the new coordinate system,

(3) ZAX = Z coordinate with respect to the IAXIS system 1
of the origin for the new coordinate system, 5

Card 4 Format = 3F10.5
(1) BETA = Euler angle B N
‘i
(2) GAMMA = Euler angle Y f
(3) DELTA = Euler angle §

6.2.7 Mirror Data

A mirror may be either a sphere or a flat plane., It is defined i
by giving the X, Y, Z position of the center of curvature and the radius of
curvature or by giving the X, Y, and Z coordinates of the vertex and the
radius of curvature. All the parameters necessary to define a mirror actually

define two mirrors, one in either hemisphere. A positive value for the co-

ordinate system identification number for the mirror axis indicates that the
desired mirror is the one with the larger Z intercept, and a negative value

indicates that the one with the smaller Z intercept should be used by the

program,

Card 1 Format = 16

(//(1) NMIRR = Number of mirrors (maximum of 5)

The remaining mirror data cards consist of NMIRR sets of cards
2-6, as listed below, one set per mirror. For eaci mirror, cards 3-6 are
either those described in 6.2.7.1 or those described in 6.2.7,2, depending

upon the value of IAXIS found on card 2 for that mirror.
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Card 2 Format = 316

/(1) MTYP

it

0 Flat mirror

1 Concave spherical mirror

-1 Convex spherical mirror

(2) MAXES The number of the coordinate system for which
i the Z axis is the axis of the mirror.

i (A positive value of MAXES indicates that the
directed line from the vertex of the mirror

£ to the center of curvature lies along the posi-
tive Z axis in the MAXES coordinate system.

A negative value indicates the reverse.)

(3) IAXIS t+ the number of the coordinate system with
respect to which the coordinates of the mirror
are to be given, (A positive value of IAXIS
indicates to the program that the coordinates
of the vertex of the mirror will be given,
while a2 negative value of IAXIS indicates
that the coordinates of the center of curva-
ture of the mirror will be given,)

6.2.7.1 Negative IAXIS

i Card 3 Format = 3F10.5

///»(l) AMiRR(1) = X coordinate of the center of curvature of the
mirror with resnect to the IAXIS coordinate
system,

(2) AMIRR(2) = Y coordinate of the center of curvature of the

mirror with respect to the IAXIS coordinate
system,

(3) AMIRR(3) = Z coordinate of the center of curvature of the
mirror with respect to the IAXIS coordinate
3 system,

Card 4 Format = F10.5

(1) AMIRR(4) = Radius of curvature of the mirror; must bc
positive,
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Format = F10.5
(1) REFMIR = A factor by which the ERDF value entered as the
BRDF table data (6.2.12) will be multiplied,.
(This factor, usuzlly unity, can be used to
scale the BRDF data, if desired.)
Card 6 Format = 16
(1) IMRFT = BRDF surface type for the mirror, the number

of the set of BRDF tables to be used for this
mirror.

6.2.7.2 Positive IAXIS

Card 3 Format = 3F10.5
///7(1) XVERT = X coordinate of the vertex of the mirror, with
respect to the IAXIS coordinate system,
(2) YVERT = Y coordinate of the vertex of the mirror, with
respect to the IAXIS coordinate system,
(3) ZVERT = Z coordinate of the vertex of the mirror, with
respect to the IAXIS coordinate system,
Card 4 Format = F10.5
r//ﬁ(l) AMIRR(4) = Mirror radius, must be positive,
Card 5 Format = F10.5

/ (1) REFMIR
|

A number by which the BRDF value entered as the
BRDF data (Section 6.2,12) will be multiplied.
(This factor, usually unity, can be used to
scale the BRDF data, if desired.)

Card 6

Format = 16

(1) IMRFT

BRDF surface type for the mirror, the number
of the set of BRDF tables to be used for
this mirror.
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6.2.8 Aperture Data

An aperture is a hole cut in a plane allowing a ray to pass from

one section to another. There are two types of apertures; a positive aperture

is a hole surrounded by a plane, while a negative aperture is a solid central

area surrounded by a clear region. Thus a positive aperture is opaque outside

its boundary, while a negative aperture is opaque within the boundary (e.q..;
a disk).

An aperture may have one of four geometric shapes; a circle, an
ellipse, a rectangle, or a circle convolved with a straight line, An aperture
is always perpendicular to its Z-axis. Apertures may be used singly or in

pairs, e.g., a ring with a clear aperture on either side would be a combination

of a positive and negative aperture. (See Figure 6-6. ) ?
3

Card 1 Format =16 9

(//r(l) NAPER = Number of apertures (maximum of 20). ‘

The remaining aperture data cards consist of NAPER sets of cards | o
2-5, one per aperture, -4

et R
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Q@ [

Type 1 Type 2 Type 3
Circulator Elliptical Disk Rectangular
Opening Opening

.

Lope 4 Type 1
Convolved-circle- Circular Ring
and-line disk Y (formed from two apertures)

I - X
Figure 6-6 . Aperture Shapes
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///7(1) KATYP

t1 Circular
+2 Elliptical
+3 Rectangular

t4 Convolved circle

NOTE

Positive value of KATYP indicates that the aperture is a

“positive aperture"” and a negative value indicates a "nega-

tive aperture' (as described above),

Number of the section in back of the aperture
(back is toward smaller Z)

Number of the section in front of the aperture
(front is toward greater Z)

The number of the aperture which lies inside

this aperture if there is an inner aperture;

a value of 0 indicates that there is no aper-
ture within an aperture, See Figure 6-6.

The number of the coordinate system for which
the Z axis is normal to the plane of the aper-
ture. Thus the aperture must lie in the X-Y
plane of this coordinate system,

The number of the coordinate system with respect
to which the center of the aperture will be
specified.

1 (2) KABACK
(3) KANEXT
(4) KOTHER
(5) KAXES
(6) KREF
Card 3

Format: 3F10.5

/ (1) ANAPER(L)

(2) ANAPER(2)

(3) ANAPER(3)

#

X coordinate of the center of the aperture with
respect to the IAXIS coordinate system,

Y coordinate of the center of the aperture with
respect to the IAXIS coordinate system.

Z coordinate of the center of the aperture with
respect to the IAXIS coordinate system,

1 Card 4, below, describes the size of the aperture in terms of two
| parameters. The meaning of these parameters depends on the shape of the aper-

ture as follows: (a) for a circle, ANAPER(4) defines the radius of the circle,
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ANAPER(3) is ignored; (b) for an ellipse, ANAPER(4) defines the semi-major
axis of the ellipse (always assumed to lie along the X-axis), ANAPER(5) is
the ratio of the semi-major to the semi-minor axis; (c) for a rectangle,
ANAPER(4) defines the half-width in the X-direction, ANAPER(5) defines the
half width along the y-direction; (d) for a convolved circle and line,

ANAPER(4) and ANAPER(5) are given as above for the inscribed rectangle.

Card 4 Format = 2F10.5
(1) ANAPER(4) = First size parameter for the aperture.
(2) ANAPER(5) = Second size parameter for aperture,
Card 5 Format = F10.5
(1) RFAP = A factor by which the value from the BRDF
table will be multiplied (for use when rays
are incident on opaque portion of aperture),
(This factor, usually unity, can be used to
scale the BRDF data, if desired.)
Card 6 Format = 16
r//(1) IAPRFT = BRDF surface type.
6.2.9 Tube and Baffle Data
Card 1 Format = 16
r//'(l) NTUBES = Number of tubes (maximum of 15).
NOTE

The remaining tube and baffle data cards consist of NTUBES sets
of cards. Each set of cards consist of the following:
(1) Tube data (real and imaginary tube, or real tube

data; see explanation 1, below) followed by {

(2) Baffle data for that tube (~tandard and/or wild

card baffle data; see explanation 2, below)




PERXIN-ELMER Report No. 11615

(a) Explanation l: Tube Data

A tube is a two-dimensional surface which can be used as a wall (with
or without baffles) or an imaginary surface to define baffle edge= or holes in
other surfaces, Allowed tube surfaces are circular and elliptical cones and

cylinders, rectangular cones and cylinders, and convolved circle and line cones

and cylinders,

A tube is defined in the program in the following manner: first the
axis of the tube is selected. The axis of the tube must be parallel to the
z-axis of one of the coordinate systems previously defined., The intersection
of the tube with a plane perpendicular to the tube axis (called a tube cross-
section) must be one of the four allowable shapes: circle, ellipse, rectangle,
or convolved circle and line. Next a point of the tube axis is selected. This
point is called the base point of the tube. Then the tube cross-section at this
base point is described. Finally the variation of the tube cross-section along

the tube axis is described in terms of slopes,

A real tube consists of a single surface: if that tube has baffles
attached, then a second "imaginary" tube must be specified. This imaginary
tube must have its axis parallel to the real tube. The baffles are defined to
physically exist only in the volume between the real tube and the imaginary it
tube; thus, the edges of the baffles are roincident with the surface of the

imaginary tube.

For a tube with baffles, the tube data consists of Cards 1-8 con-
taining imaginary tube data (Cards 2 and 3 actually apply to the real tube), '
fo'lowed by a second sequence of Cards 4-7 containing real tube data. If there {
is no imaginary tube, then the tube data consists of Cards 1-8 containing the

real tube data.

(b) Explanation 2: Baffle Data

The tube data given above are immediately followed by baffle data
cards, if baffles are specified; first the standard baffle data is given, fol-

lowed by the wild card baffle data, if there are any wild card baffles within
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the volume defined by the real and the imaginary tubes., (If that wild card
baffle extends beyond the volume defined by the two tubes, then that wild card
baffle must also be specified as a wild card baffle section in paragraph 6.2.10.

If the wild card baffle specified here is wholly contained within the volume

between the two tubes, then it should not be specified in paragraph 6.2.10.) |
The wild card baffle surfaces are described in paragraph 6.2,11. ]

! ,‘

Typically, standard baffles will consist of a number of similar ¢

baffles spaced along the tube; each of the data cards specified below for the
standard baffles requires the values of a given parameter for all baffles, i.e,,

when the positions of the baffles are to be entered the user employs as many

cards as necessary to include the positions of the N baffles in that tube,
putting 8 positions on each card,

(¢) Summary

The sketch below illustrates the sequence of tube and baffle data
(the illustration reads from the bottom up).

Tube 2 etc

Agjerards 1-8 imaginary tube 2
(/ Wild Card Baffle data real tube 1
(’7Std. baffle data real tube 1
(’Cards 4-7 real tube 1 ]

Tube lr/éards 1-8 imaginary tube 1 or Cards 1-8 real tube 1

( NTUBES |

6.2.9.1 Tube Data

el B T

Card 1 Format = 216
(1) LAXES = Number of the coordinate system which is the ;
axis of the tube, ;
(2) ILAXIS = Number of the coordinate system with respect 1
to which the base point of the tube will be 3
given,
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Card 2
(1) REFTUB = A factor by which the BRDF value entered as the
BRDF table data (6.2.12) will be multiplied.
(This factor, usually unity, can be used to scale
the BRDF data, i{f desired.)
Card 3 Format = 16
(1) LITBRFT = BRDF surface type for the tube: the number of
the set of BRDF tables to be used for this tube,
Card 4 Format = 3F10.5

(1) ATUBE(1)

X coordinate of the base point of the tube (at
which point the dimensions will be given),

(2) ATUBE(2)
(3) ATUBE(3)

Y coordinate of the base point of the tube,

Z coordinate of the base point of the tube.

Card 5 Format = 16

Sk Tl el VR

(1) ITTUB 1 Circular tube

2 Elliptical tube

3 Rectangular tube
4 Convolved circle

NOTE

In Card 6 below, the meanings of the first and second size parame-

ters depend upon the shape of the tube analogous to aperture size

parameters., Specifically for a circular tube, the first size :
parameter defines the radius at the base point, while the second r
size parameter is ignored. For an elliptical tube, the first |
size parameter defines the semi-minor axis, at the base point,

while the second parameter defines the semi-m=zjor axis there.

For a rectangular tube, the first and second size parameters de- :
fine the half widths at the base point in the X and Y directiom, i

respectively. For the convolved circle tube, the size parameters

describe the inscribed rectangulsr tube, as above, ) i
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Format = 2F10.5

(1) ATUBE(4)
(2) ATUBE(5)

= First size parameter for the tube,

= Second size parameter for tube,

Card 7

Format = F10.5

,/?3: the cases ITYPE = 1 or 2

(1) ATUBE(6)

(1) ATUBE(6)

(2) ATUBE(7)

(3) ATUBE(8)

(4) ATUBE(9)

= Slope of the side of the tube. The slope is the
ratio of the first size parameter change to the

distance moved along the tube axis
describes a cylinder).

For the case ITYPE = 3 or 4

Direction cosine in the X direction of the normal
to the side of the tube parallel to

Direction cosine in the Z direction of the normal
to the side of the tube parallel to

Direction cosine in the Y direction
to the side of the tube parallel to

Direction cosine in the Z direction
to the side of the tube parallel to

(a slope of 0,

the Y axis.

the Y axis.

of the normal
the X axis.,

of the normal
the X axis.

Values at 1., 0., 1

NOTE

., 0., for ATUBE(6-9) define

a cylinder.

Card 8 Format = 216
,//r(l) LBAFF = 1 No standard baffles on this tube,
= 2 Tube has standard baffles,
(2) IWCBAF = 0 No wild cerd bsffles within the standard

baffles on this tube,

baffles on this tube,

1 Wild card baffles within the standard

6.2.9.2 Standard Baffle Data

Card 1

Format = 16

(1) MBAF

= Number of standard baffles within tube

(maximum of 100 baffles in total).
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Card 2 (more than one card may be required) Format = 8F10,5

(1) zB = Z coordinates of the intersection of the edges of
each of the MBAF annular baffles with the imagi-
nary tube., (The coordinate system is the same
as that used to specify the imaginary tube.)

NOTE

The remainder of the standard baffle data consists of cards speci-
fying the slopes for each of the individual baffles. All of the
baffles in a given tube must be of the same type; thus the data
cards from either Section 6.2.9.2.1 or 6.2.9.2,2 must be used,
depending upon the tube type specified by ITTUB on Card 5, Sec-
tion 6.2.9.1

6.2,9.2.1 Circular and Elliptical Baffles

Card 3 (more than one card may be required) Format = 8F10.5

/ (1) s = Slopes of each of the MBAF annular baffles

6.2.9.2.2 Rectangular and Convolved Circle Baffles

Card 3 (more than one card may be required) Format = 8F10.5

///*(1) SX = Slopes in the X direction of each of the MBAF
annular baffles,

Card 4 (more than one card may be required) Format = 8F10.5
(1) sy = Slopes in the Y direction of ea.h of the MBAF
annular baffles,

6.2 9.3 Wild Card Baffle Data (IWCBAF = 1)

1f there are no wild card baffles located between the real and
imaginary tube, these cards are not included and information about the next

tube is the next set of cards,
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Card 1 Format = 216

(1) MINWCB = Number of the standard baffle which precedes
the first wild card baffle,

(2) MAXWCB = Number of the standard baffle which follows
the last wild card baffle.

Wild card baffle surfaces are described in section 6.2.11. The

order in which they are described to the program determines their wild card
baffle surface number.

The following card (or cards) contains the wild card baffle sur-
face numbers of all wild card baffle surfaces appearing between the real and
imaginary tubes, The list of wild card baffle surface numbers is terminated

with a zero, and the numbers are entered eight per card.

Card 2 (more than one card may be required) Format = 816

(1) 1IWCBS = Wild card baffle surface numbers of each wild
card baffle surface between these baffles,
eight per card, terminated with a zero.
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6.2.10 Section Data

Sections are the means by which the various surfaces are linked
together to form an optical system. Each section encompasses a local region

of one of four types; standard baffled section, end section, concave mirror

aew e Do SRR TME T Tt et i T

section, and convex mirror section (each section type is described below).
A ray can pass from ouie section to another in three different ways; through
an aperture; through a hole (described below) in the case where both sections

are standard baffled sections; and by the wild card baffle mechanism.

Card 1 Format = 16
[//, (1) NSECT = Number of sections (maximum of 20)
NOTE
? The remaining section data cards consist of NSECT sets of one or

more cards, as listed in Sections 6.2.10.1 io 6.2.10.4, with the
type of set determined by the section type. The section data
must be given in sequence (set 1 for Section 1, set 2 for Sec-

; tion 2, etc.)

Section data for a given section consists of at least one card
giving section parameters, These parameters include all aper-

tures of the section as well as flags indicating whether holes

or wild card baffles are present. Hole card(s) (if any) come
first, followed by wild card baffle cards (if any). Formats

for each kind of card are described below,

s e SO D e

6.2 10.1 Standard Baffled Section

A standard baffled section consists of one or two tubes delimited

by a pair of apertures, If the region being described is inside a tube, thut

it AR TR =

tube is called the outer tube. If the region being described lies outside

a tube, that tube is called the inner tube., A standard baffled section con-

bt

sisting of both an outer and an inner tube lies between those tubes, All tubes

and both apertures must lie in parallel (nr the same) coordinate systems. The

g 2

aperture intersecting the tube axis at a lower Z value is called the back

i
aperture, the one intersection at the higher value is the front aperture, %
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A standard baffled section may have one or two holes to allow

part of the apertures and tubes described above which lie within the hole are

non-existent,

The aperture and tube describing the hole must have parallel

(or the same) coordinate systems, but these coordinate systems will not, in

general, be parallel to the section coordinate systems,

transferred to will also have a hole in it,.

A standard baffled section may have wild card baffles also.

card baffles are described in section 6.2.9.3 and 6.2.11.

Examples of standard baffled sections are shown in Figure 6-7.

An example of a hole is

Card 1

shown in Figure 6-8.

Format = 516

/)
@
®)

(4)
(5)

(6)

JTYPE

JSECT1

JBACK

JNEXT
JSECT2

JSECT3

He L THG K

0 No inner tube,

0 Tube number of inner tube.

0 No outer tube,

0 Number of outer tube,

Number of the end aperture of low Z value.
Number of the end aperture of high Z value.
Gives the number of the other end aperture.

0 There are no holes in the section other
than the apertures.

1 There are one or two holes in the section
(see card 2).

0 No wild card baffle surfaces in the section.

1 Wild card baffle surfaces exist in the sec-
tion (see card 3).

NOTE

If there is a hole or wild card baffle surface in the section,

then one or more cards are needed. They will be described below.

115
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Card 2 (only entered for a standard baffled Format = 516
section with a hole)

NOTE

A second hole card follows immediately

if there is a second hole.

1 /// (1) IHTUBE = The aumber of the tube defining the hole,
1 (2) 1IHAP = The number of the aperture defining the end
of the hole.
(3) IHDIR Since the tube is of infinite length, there

would be a length of tube on either side of
the aperture limiting the extent of the hole;
the values of IHDIR indicate the hole as
follows:

= 1 The aperture is the bottom of the hole
(it is less positive in Z than the hole),.

= 2 The aperture is the top of the hole
(it is more positive in Z than the hole).

NOTE

(4) IHSECT = The number of the section the ray enters '?
when it passes through the hole. -

(5) IHNEXT = 0 There are no more holes in this section, |
= 1 There is a second hole in the baffled f

section, 5

Card 3 Format = 816

Card(s) 3 is required only if JSECT3 is non-zero, If more than b4
seven wild card baffle surfaces exist in the section, additional
cards are necessary. (If there are only eight surfaces, they
can be put on a single card but a blank card must follow.) See

also sections 6,2.9.3 and 6.2.11.

¢
(1) 1IWCBS(I) = Wild card baffle surface number of each wild ; ]
card baffle in the section. ' ;
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- ' 6.2.10.2 End Section

g T End sections are used in off-axis systems to interface an aperture

3 p ™ to a tube, where the rormal to the aperture is not parallel to the axis of the

“ 1 tube, If desired, a second tube may also be interfaced. The aperture being
. interfaced is called the odd aperture. Each tube must also be bounded by an
= sperture whose normal is parallel to the axis of that tube, The end section i
4 then consists of the region in each tube between its normal aperture and the P
. odd aperture, Portions of a tube or normal aperture lying inside the other

tube (if there is one) are considered to be non-existent.

Examples of end sections are given in Figure 6-9.

Card 1

Format = 516
//,'(1) JTYPE = 100 + Aperture
Number of the odd aperture.
(2) JSECT1 = Tube number of the first tube, ;
(3) JBACK = Aperture number of the aperture normal to c
the first tube, |
(4) JNEXT = Aperture number of the aperture normal to :
the second tube (if any). 3
(5) JSECT2 = Tube number of the second tube (if any). i
(6) JSECT3 = 0 No wild card baffle surfaces in the ;
section, g
= 1 Wild card baffle surfaces exists in the ]
section,

NOTE

If there is a wild card baffle surface in the section,
then one or more cards are needed. They are described
in Sections 6.2.9.3 and 6.2.11,
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Figure 6-9., End Sections

120




PERKIN-ELMER

Report No. 11615

6.2.10.3 Concave Mirror Sections

Concave mirror sections consist of a concave (or flat) mirror to-

gether with one or two limiting apertures and an optional central obscuration.

A concave mirror must be limited by an aperture describing the por-

? tion of the entire surface (sphere, conic, or plane) which is the mirror surface.
| The center of the mirror may be cut out or obscured. If so, the concave mirror
section must be bounded by an aperture describing the plane of the hole or
obscuration, Further, for an obscured mirror there can be a further obscura-

tion in the form of a tube (with or without baffles).

TS T, TSy

If the concave mirror section is bounded by two apertures, the one

Bt i

that intersects the mirror axis at the lower Z value is called the back aperture,

while the one that intersects the mirror axis at the higher Z value is called

. the front aperture.

S s o

In the one aperture case, the aperture is considered the front or

back aperture with respect to an imaginary aperture behind the mirror.

Examples of concave mirror sections are given in Figure 6-19.

!
. Card 1 Format = 616 ;
- //,(1) JTYPE = 200 unobscured mirror. .W
£
P 200 + tube number of the tube obscuring ]
the mirror, ;
) (2) JSECT1 = Mirror number of the concave (or flat) mirror. §
1 (3) JBACK = Aperture number for the back aperture (lower j
v Z value), if any,. .
- (4) JINEXT = Aperture number for the front aperture (higher %
Z value), if any, :
) (5) JSECT2 = A value of 0 should be entered. /
i‘ (6) JSECT3 = 0 No wild card baffle surfaces in the section. ;
o = 1 Wild card baffle surface exists in the section, |
i NOTE
“-w
If there is a wild card baffle surface in the section,
1 then one or more cards are needed, They are described

in Sections 6.2.,9.3 and 6.2.11.

s
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6.2.10.4 Convex Mirror Sections

A convex mirror section consists of a convex mirror, two limiting

apertures, and a surrounding tube. One aperture describes the portion of the

sphere or conic which is the actual mirror, while the other aperture must be

in front of the mirror to separate it from other sections. The aperture inter-

secting the mirror axis at the lower Z value is called the back aperture, while

the one interse~ting that axis at the higher Z value is called the front aperture.

Examples of

Card 1

convex mirror sections are given in Figure 6-11.

Format = 614

/)

(2)

(3)
(4)

(5)
(6)

JTYPE =
JSECT1 =

JBACK =
JNEXT =

JSECT2 =
JSECT3 =

300.

Tube number of tube surrounding the convex
mirror section,

The number of the back aperture (lower Z value),

The number of the front aperture (greater
Z value).

Mirroc number of the convex mirror.
0 No wild card baffle surfaces in the section.

1 Wild card baffle surface exists in the
section,

If there is
then one or

in Sections

NOTE

a wild card baffle surface in the section,
more cards are needed, They are described
6.2.9.3 and 6.2.11,
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6.2.11 Wild Card Baffle Surfaces

Wild card baffle surfaces are distinguished from ordinary surfaces
in that their placement in the optical system does not conform to the rules for
ordinary baffles or standard sections, as described above. Sections 6.2.9.3 and

6.2.10 described how the wild card baffle surface is placed between ordinary

baffles or inside standard sections, in terms of wild card baffle surface numbers.

This section explains how to describe the actual surface corresponding to each
wild card baffle surface number.

Wild card baffles consist of standard surfaces (mirrors, apertures,

or tubes) formed into a wild card object which must be one of the standard sec-

tion types described in 6.2.10. (It is the presence of this object in another
section that causes it to be a wild card baffle.)

Each of the surfaces in a wild card baffle is a separate wild card
baffle surface and is described by two parameters., The first parameter is the
mirror (or aperture or tube) number increased by 0 (or 100 or 200, respectively)
and the second is the section number of the complete wild card object. For ex-
ample, a strut could consist of a tube bounded by two disk apertures. This would

form a standard baffled section with an inner tube but no outer tube.

Card 1 Format = 16

(1) NWCBS = Number of wild card baffle surfaces to be
specified for all wild card objects.

NOTE
A separate card 2 must appear for each of the NWCBS wild card baf-
fle surfaces. The first one defines wild card baffle surface 1,
etc, The wild card baffle surface numbers are the ones used in
Sections 6.2.9.3 and 6.2.10 to show how these surfaces are con-

tained between ordinary baffles or in standard sections.

Card 2 Format = 216
/" (1) 1micBs

0 to 99 for a mirror; with the specific value
being the number of the mirror.

= 100 to 199 for an aperture; with the specific
value being the number of the aperture + 100.

= 200 to 299 for a tube; with the specific value
being the number of the tube + 200.

(2) ISWCB

Section number of the wild card object of which
this wild card baffle surface is a part.
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0,212 BRDE Tables

The BRDF tables must have bevn previously prepared and written out as
two binavy files by the WRTABL program described in Section 5.2.1. This section
describes how they are read in on FORTRAN units 1 and 2, and methods by which all

or parts of these tables can be modified by constant scale factors.

Card 1 Format = 16

{//r(l) NTAB = Number of BRDF tables (maximum of 3)

6.2.12.1 Global BRDF Table Multipliers

NOTE

A separate card 1, below, must be included for each of

the NTAB BRDF Tables,

Card 1 Format = 2F10.5

/(1) SM

Multiply all the specular attenuation values
in this set of BRDF tables by the value SM,
A negative value indicates that the tables
should be used as they were read in. In
this case the value of DM is ignored.

(2) DM

"

Multiply all the diffuse attenuation values
by DM,

6.2,12,2 Local BRDF Tube Multipliers

NOTE
These cards should be included for a particular table only

if the vaiue of SM (above) is negative.

Card 1 Format = 816

//,21) ITDM = The numbers of the specific rows, correspond-
ing to different incident angles within that
set, whose values are to be multiplied by some
coefficient before they are used. An input of
all zeroes indicates that all the tables in
that set should be used as they were read in,
and is the normal mode of operation. In this
case, cards 2 and 3 should be omitted.
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; NOTE
I Cards 2 and 3 should be included for a particular table
only if card 1 has at least one non-zero entry,

Card 2 ‘ Format = 8F10.5

(1) TsSM = The coefficients by which all of the specular
values in each of the rows specified in card 1
are to be multiplied. BEach row has its owm
multiplier, There should be as many entries

on this card as non-zero indices specified on
card 1,

Card 3 Format = 8F10.5

(1) TDM = The coefficients by which all of the diffuse
values in each of the rows specified in card 1
: are to be multiplied, There should be as many
3 entries on this card as non-zero indices speci-
3 fied on card 1.

] .
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0.2.17 Hand Calculated View Factor Matrices

The GUERAP-11 program calculates first-order diffuse stray radiation
terms by computing and marking all areas, called critical areas, which can be
seen by a detector, either directly or specularly off one or more mirrors,
Higher order terms are calculated similarly, with lower order critical areas
playing the role of a detector., Three matrices are input by the user to guide
the program in finding these critical areas. These matrices, called the hand-
calculated view factor matrices, consist of an aperture-to-aperture matrix, an
aperture-to-section matrix, and a section-to-section matrix. The first two
matrices are used to compute all mirror paths to the critical areas, while the

third matrix is used to compute the direct paths,

The user begins by selecting a subset of the apertures in the sys-

tem, called the set of critical apertures. These critical apertures describe

how the imaging rays get through the system., The set of critical apertures
must include the limiting aperture for each mirror in the system., In addition,
each aperture that limits or obscures what one mirror can see of another must
also be included in the set of critical apertures. Thus, in a typical system,
the critical apertures include field stops, Lyot stops, and obscuring apertures,
if any or all of these exist in the system. Once the critical apertures have
been selected, they are described to the system by two parameters: the ordinary
aperture number, and the mirror number of the associated mirror (0 if there is

no associated mirror, as in the case of a field stop, etc.).

The next step is to construct the aperture-to-aperture matrix. This
matrix describes which critical apertures see which others. A critical aperture
is aid to see another critical aperture if, and only if, a direct path through

no intervening critical aperture exists. The user is never required to specify

o ot Pt oien. i et i

mirror paths, as the program can calculate these paths once the direct path
from a point to a mirror and the direct mirror-to-mirror paths have been speci-

fied. By definition, critical apertures do not see themselves,

To complete the description of possible mirror paths, the aperture-
to-section matrix is specified next. This matrix describes which critical

apertures directly see which sections., 1f there is an aperture that limits or
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partially obscures this view, it is also specified., (If there is more than

one such aperture, the most appropriate one is chosen.)

section matrix is specified,

rectly see which other sections,.

Finally, to allow the computation of direct paths, the section-to-

This matrix describes which sections can di-

(Limiting or obscuring apertures are also

specified as in the aperture-to-section matrix described above.) Unlike the

critical apertures, sections can always see themselves,

Thus, by simply stating the direct paths possible in the system,

the program is able to pick out the direct and mirror paths that actually exist

in an optical system,

Card 1

Format = 16

((1) NCAP

= Number of critical apertures in the system

(maximum of 10).

Card 2

Format = 216
NOTE

Card 2 should be repeated for each critical aperture 1

to NCAP with one card for each critical aperture,

/)

(2)

ISEQAM(1)

ISEQAM(2)

]

The number of the system aperture that cor-
responds to this critical aperture (critical

aperture 2 might actually be system aperture
10).

The number of the mirror that this aperture
defines. If the critical aperture is a stop,
then this should have a value of 0.

Card 3 Aperture-to-Aperture

Format = 816
NOTE

//,Card 3 should be repeated for each critical aperture 1 to NCAP
with as many cards as needed for each aperture and at least 1
card for each critical aperture,

(1)

IAP2VF

The numbers of the other critical apertures that
can be seen by each particular critical aperture,.
Since only eight aperture numbers may be input
on one card, more than one card may be needed to
cover all the apertures seen by any one of the
others. If a critical aperture sees only eight
other critical apertures, then a blank card

must follow before goiny on to the next aperture.
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. Card 4 Aperture-to-Scect fon Format - 816

NOTE

EETTTY OT
o 7
.

Card 4 should be repeated for each critical aperture 1 to NCAP

with as many cards as needed for each aperture and a- least 1

card for each critical aperture.

g ///7(1) ISAPVF = The numbers of the system sections that can be
4 e seen by each particular critical aperture. As
. e with Card 3, more than one card may be needed
3 l for an aperture and a blank card should follow

the data card for an aperture that sees exactly
eight sections. If the critical aperture looks

1 !‘ through aperture N to see a particular section,
' i that section number should be increased by

: 100 x N, Thus, if critical aperture 2 sees

E 3 section 6 through aperture 9, the second set

of cards should contain the entry 906,

Card 5 Section-to-Section Format = 816

NOTE

Card 5 should be repeated for each system section 1 to NSECT with

as many cards as needed for each section and at least one card

for each section,

r//r(l) IS2VF = The numbers of the system sections that can be
seen by each particular system section. As
with the previous two matrices, more than one
card may be needed for a section and a blank
card should follow the data card for a section
that sees exactly eight other sections. If a
section views another section through aperture
N, the section seen should be increased by
100 x N. Thus, if section 3 sees section 6
through aperture 11, the third set of cards
should contain the entry 1106,
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6.2.14 Diffraction Data

NOTE

This section 1s omitted entirely except when diffraction

terms are being computed. Also refer to Section 5.2.4.

In computing diffraction terms, unlike the diffuse case, the user
must specify the edge sequences at which the program is to look. The user

begins by specifying the number of edges at each of Levels 1, 2 and 3,

A level 1 edge is an edge from which a diffracted ray could reach
the detector (either directly or by a specular path off one or more mirrors).

Thus a level 1 edge may give rise to a single diffraction term, or be the last

edge in a multiple diffraction term, A higher level edge is one from which a

diffracted ray could reach a lower level edge. Thus a level 2 edge could give

rise to a double diffraction term, be the middle edge in a triple diffraction
term, etc.

If the user specifies I edges at Level 1, J edges at Level 2, and

K edges at Level 3, then the first I edges specified are Level 1 edges, the next
J are Level 2 and the last K are Level 3 edges. An edge is specified by giving
its aperture or baffle number; the number of aperture or aperture-mirror pairs
between that edge and its destination (the detector plane for a Level 1 edge,

or a Level n-1 edge for a Level n edge); the section number of the edge if it

is illuminated (otherwise 0); and its destination edge number if the edge is
Level 2 or higher (the destination edge number is the position of that destina-
tion edge which has been previously defined in this list)., Aperture and
apecture-mirror pair sequences are defined as in the critical aperture sequences,

Note that the level of an edge is the number of diffractions that occur, start-
ing at that edge and reaching the detector,

NOTE

All data cards in Section 6.2.14 are
read in on FORTRAN unit 3,
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v
Card 1 Format = F15.5
(1) w = Wavelength (in the same units as the length
y units used earlier),

]

Card 2

Format = 16

! ( (1) NPTS

Number of points to be taken around an edge.
(The program checks points equally spaced
around each edge to see whether diffraction
from the edge at that point can reach the

detector.)
l Card 3 (Diagnostic outputs, not for Format = 16
g production use)
(1) MDIAG =0
(2) NDIAG =0
(3) NP1 =0
(4) NP2 =0
Card &4 Format = 216
. (1) Nswl = 1
) (2) Nsw2 = 0 No diffraction path summary report
= 1 Qutput diffraction path summary
f 6
l- Card 5 Format = 316
i“ (1) NCREG(l) = The number of critical edges at Level 1
(2) NCREG(2) = The number of critical edges at Level 2
i~ (3) NCREG(3) = The number of critical edges at Level 3
L
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Lard 6 Format = 416

a

¢ NOTE

Card 6 should be repeated for each edge at each of the three
levels (all cards for Level 1 edges must be input before Level
2 and all Level 2 before Level 3), These should be NCREG(1l) +
NCREG(2) + NCREG(3). Card 6 cards in total are interspersed
with Card 7 cards for each edge.

,/”Ei) 1EGPR(1)

; = If edge is a baffle, then input the following:
g 100 times the tube number which contains the

3 baffle plus baffle number,

If edge is an aperture, then input the aperture
number,

The number of epertures in the sequence to the
next edge or to the detector, whichever is
applicable.

i (2) 1EGPR(2)

1 (3) IEGPR(3) = O The edge is not illuminated.

= Section number of the edge if the program
should check to see whether the edge is illu-
minated.

(4) IEGPR(4) 0 For single diffraction,
1 The number of the next edge in the sequence

to the detector.

Card 7 Format 216

NOTE

Card 7 should be repeated for each aperture in the sequence to
the next edge or detector; there should be one set of 1EGPR(2)

cards for each edge,

(1) 1ISQS(1)
(2) 15Q8(2)

Aperture number,

Mirror number if there is a mirror associ-
ated with aperture ISQS(1l).
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§ L %
: 3
3 ! i

. 6.2.15 Computation Level i
3 i
é; : NOTE
1R !
¢ This data is read in on FORTRAN unit 5.
] YJ Card 1 Format = 216
1 ) (1) MNSTRL = Beginning level of stray light terms to be

computed for this run,

b (2) MSTRLV = Final level of stray light terms to be com-
ki [ puted for this run.

6.2,16 Critical and View Factor Tables

NOTE

This data is read in on FORTRAN unit 5.

Card 1 Format = 16 H

///>(1) 10LD = 0 No previously existing critical table will
be used.

1 A copy of an existing critical table will
be used for this analysis; the previously
created matrix will be read in on FORTRAN
unit

Card 2 Format = 16

(2) INEW

0 The new critical table will not be
written out,

1 The new critical table will be written
out on FORTRAN unit 12,

R

i
| E
4
)
4
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6.,2.17 Updates

The update procedure allows the user to make several runs in

succession, changing a few parameters each time,

6.2.17.1 Mode Data
NOTE

The data in this section is read in on FORTRAN unit 5.

Card 1 Format = 316
A ///ﬁ(l) KIN = The FORTRAN input unit number from which the
1 updates are read. A value of 0 indicates
: that there will not be any updates. A value ‘i‘
N

of -5 indicates o fresh start. Go back to
Section 6.2.1.

3 (2) MODE = Refer to Section 6.2.1 for explanation (mode (1%
: data), 4
(3) MODIPR = Refer to Section 6.2.1 for explanation (mode { 4
data). {.)
(4) MODOPR = Refer to Section 6.2.1 for explanation (mode
data) .

Card 2, below, describes the update codes used to describe which

type of data is being updated. Updating will continue until an update code

of 0 is entered.

Card 2 Format = 16

/ (1) IUPDAT

)

0 Updating is complete

1 Update User Options

2 Update Source Data

3 Update Detector Data

10 Update Coordinate Systems
11 Update Mirrors

12 Update Apertures

13 Update Tubes

= 14 Update Sections

15 Update Wild Card Baffles
= 21 Update BRDF Data

1]

H

6.2.17.2 User Options

Input format for succeeding cards is the same as thac for User

Options given in Input Data Format (Section 6.2.1).
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6.2.17.3 Source Data

Input format for succeeding cards is the same as that for Source

Data given in Input Data Format (Section 6.2.1).

6.2.17.4 Detector Data

Input format for succeeding cards is the same as that for Detector
Data given in Input Data Format (Section 6.2.1).

6.2.17.5 Coordinate Systems

Card 1A Format = 16

(1) 1ISYS = The number of the coordinate system to be up-
dated. A 0 indicates that no more coordinate
systems are to be altered and other updates
are to be done.

The succeeding mirror update cards carry a new set of mirror data

for mirror IMIRR as described in Mirror Data, Input Data Format (Section 6.2.1).

6.2.17.6 Apertures

Card 1A Format = 16

(1) 1APER = The number of the aperture to be updated,

A 0 indicates that the aperature updates have
been completed.

The succeeding aperture update cards carry a new set of aperture
data for aperture IAPER as described in Aperture Data, Input Data Format (Sec-
tion 6.2.1).

6.2,17.7 Tubes

Card 1A Format = 16

(1) ITUBE = The number of the tub:2 to be updated.
A 0 indicates that the tube updates have
been completed.

-

The succeeding tube update cards carry a new set of the tube and

baffle data for tube ITUBE as described in Tube Data, Input Data Format (Sec-
tion 6.2.1).
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6.2,17.8 Sections

Card 1A Format = I6

(1) 1ISECT = The number of the section to be updated.
A 0 indicates that the section updates have
been completed.

The succeeding section update cards carry a new set of section data

for section ISECT as described in Section Data, Input Data Format (Section 6.2.1).
6.2.17.9 Wild Card Baffles

Card 1A Format = 16

//,11) IWCBAF = The rumber of the wild card haffle to be up-
dated. A 0 indicates that the wild card
baffle updates have been completed. The suc-
ceeding wild card baffle update cards carry

a new set of wild card baffle data for wild
card baffle IWCBAF as described in Wild Card
Baffle Data, Input Data Format (Section 6.2.1).

NOTE

Updates 10 through 15 should not beused to add additional pieces
of information, but only to alter existing values; that is chang-

ing the position of a baffle but not adding a new baffle.

6.2.17.10 BRDF Data

Card 1A Format = 16

(1) ISET = The number of the set of BRDF tables to be
updated. A 0 indicates that the BRDF up-
dates have been completed,

The succeeding BRDF update cards carry a new set of surface type
and individual table multipliers for BRDF surface type ISET as described in
BRDF Data, Input Data Format (Section 6.2.1). These multipliers are applied

to the original table values that were read in,
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6.2,18 Constructing BRDF Disk Files

f ; This section describes lnpul parameters to the WRTABL program which
- writes BRDF tables out on two disk files (FORTRAN units 1 and 2), which are read
| in by the TCRIT, TDFUS and TDFR programs as described in Section 6.2.12, (Also
|

see Section 5.1.1.)

: NOTE
E < The data is read in on FORTRAN unit 5.
Card 1 Format = 16
/ (1) NTAB = Number of BRDF tables (minimum of 3).

A separate table is required for each kind
of surface with a different BRDF profile.

-

Cards 2-6 below should be repeated eight times for each of the
NTAB tables, except as modified by Card 2.

——

Card 2 Format = 2F10.5

N
:

Angle of incidence for this row of the table,
NOTE

If ANGL < 0, terminate reading rows for this table,

(2) SPECCF = Specular reflectivity coefficient for this
angle of incidence.

Cards 3-4
/// (1) ANGS = Up to 15 scatter angles for the above angle :
' of incidence, 8 per card; two cards are ;
l required, 4
Cards 5-6 Format = 8F10.5 :
/ (1) BRDF = Up to 15 BRDF values, ccrresponding to ?
scatter angles given above, 8 per card;
two cards are required.

G & Clam e Bl Sl
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SECTION VII

TEST EXAMPLES

7.1 INTRODUCTION

In this section, two test examples are given in detail, in the hopes
that the reader will be able to find in the examples the answer to questions

that arise in the reading of the preceding sections of this report.

Emphasis is given in the examples to the entry of the systems into
the computer. A complete description of all the data cards for the analysis
of these systems is given in appendices, along with further explanations, where

required, elaborating on the instructions found in Section V.
7.2 BAFFLE I TEST EXAMPLE

7.2.1 General

The Baffle I system, shown in Figure 7-1, is a simple system con-
sisting of two spherical mirrors. This system was used to generated laboratory
measurements to aid in the initial development of GUERAP 1I. The system was
designed to operate with a finite source, thus avoiding the necessity for an

additional collimator, which would introduce another scattering surface.,

The baffles in the system (Bl - B5) were such that their inner radii
were coincident with a cone formed by the finite source and Bl. The mirror
aperture had a radius smaller than the projected cone radius so that it serves
as the entrance pupil for the system,

The reimaging secondary is oriented so that the final source image
is located out of the plane of Figure 7-1. This served to reduce some of the

off-axis aberrations in forming the image of the primary aperture where the Lyot
stop was to be employed.

Figure 7-2 illustrates the sections and the coordinate systems used
to describe the system to the GUERAP II computer program, while Figure 7-3 illus-
trates the apertures that were used.
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7.2,2 Input Data Details

Appendix A contains the detailed input data used to analyze BAFFLE
I system, along with detailed explanations. The contents of Appendix I are a3

follows:
Section Contents

A-1 Copy of input data cards as read into program

A-2 Input data, with labels, as printed out by
GUERAP 1I; useful for scanning input data
before performing analysis to check for
obvious errors

A-3 Input data explanation

A-4 Sample program outputs

7.2.3 Stray Light Computations for Baffle 1

A laboratory evaluation of the off-axi{s rejection characteristics
of the Baffle I system was performed with and without a Lyot stop. The data
generated during that laboratory evaluation provides a means for evaluating the

GUERAP II program's analysis of the off-axis rejection capabilities of Baffle I.

7.2.3.1 Diffuse

The major contribution of the diffuse terms is the primary mirror
when it is directly illuminated. When the Lyot stop is not in place, the baf-
fle and wall areas surrounding the primary mirror are directly irradiated and
serve as critical I surfaces. When the mirror is no longer irradiated (as
the source moves further off axis) these become the major diffuse terms., Fig-
ure 7-4, which illustrates the results of the diffuse analysis of the Baffle 1
system, also demonstrates the ability of the program to categorize the stray

radiacion contributions, allowing one to identify the dominant term at any
source angle.

When a Lyot stop is used in conjiaction with a re-imaging section,

the primary mirror surface diffuse term is unaltered. However, all the critical
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Figure 7-4. GUERAP II Diffuse Analysis; Baffle I, No Relay Optics
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I surfaces are eliminated. The higher-order terms (diffuse-diffuse) are the
next level, but are well below the critical I levels, Program results for

the Lyot-stopped Baffle I are shown in Figure 7-5.

7.2.3.2 Diffraction

The single diffraction from the primary mirror aperture (entrance
pupil) serves as the largest off-axis contribution for small angles, if no
Lyot stop is uced. If a Lyot stop is used, then a triple diffraction path is

the dominant diffraction term., Each of these terms is illustrated on Figures
7-4 and 7-5.

7.2.3.3 Lyot Stop Variation

As shown, the off-axis rejection features of an optical system
suffering from single diffraction can be dramatically improved by the use of
a Lyot stop, if mirror diffuse is not the dominant term. As the radius of the

Lyot stop is reduced, the off-axis rejection can be further improved.

This experiment was performed with the laboratory Baffle I system,
with an off-axis angle of approximately 1/2° (plane of Figure 7-1). An anal-
ogous radii variation prediction was performed using the GUERAP 11 computer
program for both the sinc¢le and triple diffraction paths. The experimental
results showed a large reduction in the diffraction level for a Lyot stop diam-
eter of approximately 10 mm. As previously stated, the system was mirror
limited so that the reduction in system BRDF was limited by the mirror scatter.
The GUERAP II predicted single and triple diffraction terms are shown in

F._ure 7-6.

The GUERAP II was also used to compute the BRDF with Lyot stop var-
iation for a 1/2° sourne position in a direction orthogonal to the plane of Fig-
ure 7-1. The results, which revealed that the Lyot stop diameter for this
direction is slightly smaller than in the plane rotation discussed previously,
showed that the single diffraction reduced to zero for a Lyot stop of approxi-
mately 10.5 mm diameter, as opposed to a Lyot stop diameter of approximately
11.5 mm diameter for the source located in the plane of Figure 7-1. This is a

real optics phenomenon characteristic of Baffle I, resulting from the
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non-circular image of the primary aperture as formed by the secondary (this

M
non-circular image was observed in the course of the experimental program).
i The off-axis tilting of the secondary, as well as the aberrations of the over-
' all off-axis system produces the asymmetric aberrated image.
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7.3 MARK VII TEST EXAMPLE
7.3.1 General

The Mark VII offers an example of an on-axis optical system which
has different stray light characteristics from the Baffle I system. The following
sections briefly describe the system, its modeling into CUERAP II, and some off=~

axis energy rejection features as provided by both experiment and theory.

The Mark VII optical sensor is shown in rigure 7-7, It is a 15 inch
aperture £/2.2 modified folded Gregorian system with approximately a 1° field of
view, The systems contain four reflecting elements; a spherical primary, aspheric
secondary and tertiary, and a planar quaternary. The secondary is supported by
four struts. The entrance aperture and the other baffles positioned between the
entrance aperture and the primary aperture lie on a cone of sufficient radius to
prevent single diffraction from getting to the detector plane, The prevention
of single diffraction from the primary aperture or the secondary mount can be
prevented by positioning a Lyot stop between the tertiary and the quaternary.
The detector can see the field stop and therefore double diffraction is inherent
in the design and becomes the limiting diffraction level,

7.3.2 Input Data Details

The modeling of the Mark VII in GUERAP II requires similar procedures
as that used for Baffle I, the basic difference being that Mark VII is an on-
axls system, Whereas the Baffle I system required seven coordinate systems,

Mark VII requires a single coordinate system centered at the entrance aperture.
The remainder of the modeling consists of fourteen apertures, seven tubes, and
twelve sections., The complete placement of the elements is shown in Figure 7-8.

The input data and the system optical form printout are given in Appendix II.

7.3.3 Stray Light Computations for Mark VII

The Mark VII Sensor off-axis rejection features were measured ex-
perimentally using techniques analogous to those used for the Baffle I system,
A point source was located a large distance from the entrance aperture (~ 100 ft)
avoiding the additional scatter from a collimator, The detector plane was ad-

justed so as to be conjugate with the finite source., The experimental BRDF is
shown in Figure 7-9,
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GUERAP Description of Mark VII Sensor

Figure 7-8.
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The program computations were concerned with verifying the various
diffraction paths characteristic of the system. As stated previously, various
levels of diffraction are permitted depending upon the degree of Lyot stop

usage. The diffractions paths are as follows:
(a) Where no Lyot Stop is employed:
(1) Single diffraction from primary aperture
(2) Single diffraction from secondary tube baffle

(3) Since the detector has an unobstructed view of
the field stop, (1) and (2) also play a role in
double diffraction paths in which the 2nd diffrac-
tion occurs off the field stop.

(b) When a Lyot stop.is employed:

The single diffraction paths, (1) and (2), are elimi-
nated and become triple diffraction paths, so that the
double diffraction path, (3), would dominate.

The entrance aperture provided nc single diffraction paths in
agreement with the design objectives, However a slight misplacement of the
field stop so as to provide a larger angle subtense was initially entered
erroneously in the program model. The misplacement (approximately 3,5% of
primary-secondary focus) was sufficient to permit single diffraction paths
emanating from the entrance aperture. This is an interesting example of 1 i

the GUERAP II providing real optics characteristics, o
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L.1 COPY OF INPUT DATA CARDS FOR BAFFLE | LEXAMPLE
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1.2 INPUT DATA, WITH LABELS, AS PRINTED OUT BY GUERAP II

"O6TUSERID SCHREYER 05/730/73 14635647

INPUT TITLE
BAFFLE 1 TEST» WITH TWO DETECTURS
INPUT IDIFFRoIBSPECIBDIFF ¢ IMSPECY IMDIFF,IOPTN

| 1 1 1 ¢ 1
INPUT INMOD
6

INPUT XSTeXFINeYSToYFINyALPHAL»ALPHA2,8BETA19BETA2s

=-5.,00000 500000 -5.00000 5.00000 6400000 7.00000 0.0
INPUT NoNN9sNNNoNNNN

6 6 2 1
INPUT INTENSITY CUTOFF VALUE
0.10000-09
INPUT MAXIMUM RECURSION LEVEL
4
INPUT FRACTIONAL COVERING DESIRED
0.80000
INPUT XDET.YDET0ZOET
0.0 0.0 0.0
INPUT NUMBER OF DETECTORS AND AXES OF DETECTOR PLANE
4 6
INPUT XoY POSITION OF DETELCTOR
0.0 0.0

PUT XoY POSITION OF DETECTOR
0.10000 0.10000
INPUT NGJINS
B
INPUT BINSIZ
0.20000
INPUT DTAREAJEFL
0.01000 91.00000
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INPUT NUMBER OF LOCAL COORDINATE SYSTEMS
7
INPUT REFERENCE AXIS NUMBER
1
"NPUT ORIGIN FOR THIS COQROINATE SYSTEM
0.0 0.0 127.00000
INPUT EULER ANGLES FOR AXES BETA»GAMMADELTA
0.0 7.00000 0.0
INPUT REFERENCE AX1S NUMBER
2
INPUT ORIGIN FOR THIS COORDINATE SYSTEM
0.0 0.0 0.0
INPUT EULER ANGLES FOR AXES BETAsGAMMA,DELTA
0.0 7.00000 0.0
INPUT REFERENCE AXIS NUMBER
3
INPUT ORIGIN FOR THIS COORDINATE SYSTEM
4.35000 0.0 =91.00000
INPUT EULER ANGLES FOR AXES BETA+GAMMA,DELTA
0.0 -3,50000 0,0
INPUT REFERENCE AXIS NUMBER
3
INPUT ORIGIN FOR THIS COORDINATE SYSTEM
0.0 0.0  -108.10000
INPUT EULER ANGLES FOR AXES BETAsGAMMA,DELTA
90.00060 14.0006% -90.09000
INPUT REFERENCE AXIS NUMBER

3
INPUT ORIGIN FOR THIS COORDINATE SYSTEM
0.0 0.0 -108.10000

PUT EULER ANGLES FOR AXES BETAsGAMMALDELTA
90,0000¢6 28.00000 -90.00000
INPUT REFERENCE AXIS NUMBER
1
INPUT ORIGIN FOR THIS COORDINATE SYSTEM

0.0 0.0 0.0
INPUT EULER ANGLES FOR AXES BETAsGAMMAGDELTA
0.0 90.00000 0.0
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INPUT NUMBER OF MIRRORS
2
INPUT MIRROR TYPE, MIRROR AND REFERENCE AXES NUMBERS
1 =2 2
"NPUT XVERTsYVERT,ZVERT OF MIRROR
0.0 0.0 0.0
INPUT MIRROR RADIUS
152.00000
INPUT MIRROR REFLECTIVITY
1.00000
INPUT BROF TYPE .
3 :
INPUT MIRROR TYPE, MIRRUR AND REFERENCE AXES NUMBERS :
1 5 s
INPUT XVERToYVERTZVERT OF MIRROR 3
0.0 0.0 0.0
INPUT MIRROR RADIUS
22.40000
INPUT MIRROR REFLECTIVITY
1.00000
INPUT BROF TYPE
2

TR IO R e e T
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INPUT NUMBER OF APERTURES

! 8
INPUT KATYPsKABACKsKANLXT9oKOTHER» KAXES 9 KREF
1 1 0 1 0 | 1
] "NPUT CENTER POSITION
0,0 0.0 0.0

INPUT APERTURE DIMENSIONS
4445000 0.0
INPUT APERTURE REFLECTIVITY
1.00000
INPUT BRDF TYPE
1
INPUT KATYPsKABACKsKANEXTsKOTHERKAXES sKREF N
1 1 2 0 ] 1 1
INPUT CENTER POSITION -
0.0 0.0 125.00000
INPUT APERTURE DIMENSIONS {
4,57000 0,0 L
INPUT APERTURE REFLECTIVITY
1.00000
INPUT BRDF TYPE
1
] INPUT KATYPsKABACK s KANEXT +KOTHER s KAXES o KREF

i 2 3 0 2 1
INPUT CENTER POSITION ’
0.0 0,0 126,90000
INPUT APERTURE DIMENSIONS =y
6.35000 0.0
INPUT APERTURE REFLECTIVITY e
1.00000

PUT BRDF TYPE

1
INPUT KATYPyKABACKsKANEXT9oKOTHERKAXES o KREF

1 1 4 0 4 4
INPUT CENTER POSITION .
0.0 0.0 87.00000

INPUT APERTURE DIMENSIONS
6,35000 0.0
INPUT APERTURE REFLECTIVITY
1.00000
INPUT BROF TYPE
1
INPUT KATYP,KABACKsKANEXT9KOTHER9KAXESKREF

1 A 5 0 4 4 '
INPUT CENTER POSITION i1
-4,35000 0.0 0.0 :

INPUT APERTURE DIMENSIONS S
0.50000 0.0 ~ 1
INPUT APERTURE REFLECTIVITY

1.00000 N
INPUT BROF TYPE ¥
1 ... &
INPUT KATYPoKABACK s KANEXT 9 KOTHER s KAXES ¢ KREF ;
5 S 6 0 5 5 - 3
INPUT CENTER POSITION i
0.0 0.0 1.00000 |

«VWPUT APERTURE DIMENSIONS
4,50000 0.0
INPUT APERTURE REFLECTIVITY t
1.00000
INPUT BRDF TYPE -3
] y
INPUT KATYPoKABACKsKANEXT9KOTHER9KAXES o KREF I
. [ b/ N L3 &
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INPUT CENTER POSITION
0.0 12.30000
INPUT APERTURE DIMENSIONS
1.00000 0.0
INPUT APERTURE REFLECTIVITY
1.00000
‘NPUT 8RDF TYPE

INPUT KATYPoKABACK s KANEXT s KOTHER 9 KAXES o KREF

1 7 =] 0 6 6
INPUT CENTER POSITION
0.0 0.0 31.80000

INPUT APERTURE DIMENSIONS
1.00000 0.0
INPUT APERTURE REFLECTIVITY
1.00000
INPUT BRDF TYPE
)
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INPUT NUMBER OF TUBES
4
INPUT AXIS NUMBER FOR TUBEs AND REFERENCE AXIS NUMBER
1 1
"NPUT REFTUB
1.00000
INPUT RROF TYPE
]
INPUT XABsYABZAB
0.0 0.0 0.0
INPUT ITYPE
1
INPUT RADIUS
4.,45000
INPUT SLOPE
0.,01820
INPUT IBAFF +1WCBAF
e 0
INPUT XABsYAB+ZAB
0,0 0.9 0.0
INPUT ITYPE
1
INPUT RADIUS
8.90000
INPUT SLOPE
0.0
INPUT MBAF
6
INPUY ZB(I)+]1=)9MBAF
0.0 2500000 50.00000 75.00000 100.00000 125.00000
PUT S(I)sI=1sMBAF
0.0 0.0 0.0 0.0 0.0 0.0
] INPUT AXIS NUMBER FOR TUSEs AND REFERENCE AXIS NUMBER
4 3
INPUT REFTUB
1.00000
INPUT BRDF TYPE
]
INPUT XABesYABsZAB
0.0 0.0 0.0
INPUT ITYPE
1
INPUT RADIUS
6.35000
INPUT SLOPE
0.0
INPUT IBAFF o IWCBAF
1 0
INPUT AXIS NUMBER FOR TURE, AND REFERENCE AXIS NUMBER
6 6
INPUT REFTUB
1.00000
INPUT BROF TYPE
|
INPUT XABeYAB9ZAB
0.0 0.0 12.30000
«PUT [TYPE
1
INPUT RADIUS
1.00000
INPUT SLOPE
0.0
INPUT [BAFF, IWCBAF
. n
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INPUT
7
INPUT
0
"NPUT
2
INPUT
103
INPUT
200
INPUT
0
INPUT
1
INPUT
106
INPUT
200
INPUT
0

NUMBER OF SECTIONS

JTYPE 9 JSECT 19 JBACK ¢ INEXT9JSECT2,JSECT3 OF SECTION
TUBE! APER%URE. SIRECT:ON’ SgCTIONo AND fLAG FOR FIRST HOLE
JTYPE’JSEC?I’JBAéK0JNE270JSECT20JSECT3 OF SECTION
JTYPé-JSEC%]9JBAgKoJNE:TvJSEgT29JSECT3 OF SECTION
JTYPéoJSEC?l’JBAgKoJNEgToJSEgT2,JSECT3 OF SECTION
TUBE? APER?URE; 3IRECT}ON9 SgCTIONo AND FLAG FOR FIRST HOLE
JTYngJSEC?I’JBAéKQJNE:T9JSECT20JSECT3 OF SECTION
JTYPE;JSEC?I9JBAZKvJNEiToJSEgTZoJSECT3 OF SECTION
JTYP§.JSEC§I!JBAEK9JNE§TOJSE§T29JSECT3 OF SECTION
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INPUT NUMBER OF BRDF TYPES

2

INPUT GENERAL SPECULAR AND DIFFUSE MULTIPLIERS

-1.00000
~¢T NO.
0

SET NO.=

[T sPEcuLAR REFLECTIVITY=

2,00000
2.50000
3,00000
4,50n000
6.00000
13.00000
37.00000
40,0000°
56.00000
61,00000

* 180,00000

SET NO.=

- SPECULAR REFLECTIVITY=

2.,00000
3.00000
4,00000
7.00000
8.50000
25.,00000
70,00000

* 180,00000

) SET NO.=

SPECULAR REFLECTIVITY=

1.00000
1.20000
1.30000
1.50000
2.,00000
3.,00000
4,00000
8.50000
19.00000
75.00000
97.00000
" 180.,00000

. SET NO.=

SPECULAR REFLECTIVITY=

1.00000
1.20000

. SAAAN

-1.00000
] INPUT TABLES TO HAVE MULTPLIERS

0 0 0 0 0 0

TABLE NO.= 1
0,02500 MAXIMUM INCIDENT ANGLE FOR TABLE=

0.14000
0.11000
0.05300
0.02700
0.01400
0.00720
0.00370
0.00180
0,00090
0.00050
0.,00030

TABLE NO.= 2
7.04000 MAXIMUM INCIDENT ANGLE FOR TABLE=

0.28000
0.14000
0.,06700
0.03400
0.01700
0.00750
0.,00380
0.00170

TABLE NO.= 3
0.03500 MAXIMUM INCIDENT ANGLE FOR TABLE=

110000
0.82000
0.40000
0.20000
0.09800
0.05000
0.02500
0.01200
0.00600
0.00400
0.00320
0.00230

TABLE NO.= &

0.40000 MAXIMUM INCIOENT ANGLE FOR TABLE=

110000
0.82000

A 280480
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20.,0000u

45,00000

75.00000

90.00000
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3.00000 0.05000
4.,00000 0.02500
4,50000 0.01200
19.00000 0.00600
75,00000 0.00400
7.,00000 0.00320
140,00000 6.00230
INPUT GENERAL SPECULAR AND DIFFUSE MULTIPLIERS
-1.,00000 <=1.00000
£T NO. 2 INPUT TABLES TO HAVE MULTPLIERS
0 0 0 0 0 v 0 0

E 2+00000 V9800
1
14

SET NO.= ¢ TABLE NO.= 1

% SFECULAR REFLECTIVITY= 0.95000 MAXIMUM INCIDENT ANGLE FOR TABLE= 90,00000

: 0.75000 0.00700
* 1.50000 0.00280
i 2.50000 0.00200
; 3,50000 0,00160
; 4.50000 000130
; 5,50000 000100
f 6.,50000 0.,00080
] 7.50000 0.00060
d 3,50000  0.00051
4 9.50000 0.00045
12,50000 0.00040
17.50000 6.00025
25,00000 0.00016

5.,00000 N.00010
180,00000 0.,00004
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: %Npur NCAP
1 4
INPUT CRITICAL APERTURE AND ASSOCIATED MIRROR NUMBERS
3 1
*™NPUT CRITICAL APERTURE AND ASSOCIATED MIRROR NUMBERS
5 0
INPUT CRITICAL APERTURE AND ASSOCIATED MIRROR NUMBERS
3 6 P
INPUT CRITICAL APERTURE AND ASSOCIATED MIRROR NUMBERS
7 0
PERTURE 1 SEES APERTURES=--
2 0 0 0 0 0 0 0
APERTURE 2 SEES APERTURES=-
1 3 0 0 0 0 0 0
UPERTURE 3 SEES APERTURES-~
2 4 0 0 0 (1] 0 0
{ PERTURE & SEES APERTURES=-
| I 0 0 0 0 0 0 0
APERTURE ) SEES SECTIONS=-
sl | 2 3 104 0 0 0 0
PERTURE 2 SEES SECTIONS--
‘101 2 I 5 0 0 0 0
APERTURE 3 SEES SECTIONS=--
5 6 0 0 0 0 0 0
wPERTURE & SEES SECTIONS=--
5 7 0 0 0 0 0 0
ECTION 1 SEES SECTIONS--
1 2 104 0 0 0 0 0
SECTION 2 SEES SECTIONS==
~ 1 2 104 0 0 0 0 0
| CTION 3 SEES SECTIONS--
-3 0 0 0 0 0 0 0
SECTION & SEES SECTIONS--
101 102 4 0 0 0 0 0
+ECTION S SEES SECTIONS=--
S 0 0 0 0 0 0 0
ECTION 6 SEES SECTIONS=-
.6 0 0 0 0 0 0 0
SECTION 7 SEES SECTIONS=--
S 0 0 0 0 0 0 0
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1.3 INPUT DATA EXPLANATION

Input Data Explanation

The input data for the BAFFLE I and its evaluation is shown in
Section A-1 of Appendix A; Section A-2 gives a card-by~card listing of the
terms along with labels. These labeled data are printed out by the program
after the data is read in, and should be used to do a quick scan of the imput

data to look for obvious errors. The order 1s the same as that in the input

format, Section VI.

The following paragraphs give a description of why certaim input
values are used. This will not include dimensional values which are character-
istic of the system, but only those values that describe the system program
definition and the run to be performed. The input format section explains,
for all the cards, the number used. Reference is made to the card number
order in Section A-2 with the term self-explanatory (se) referring to those

cards that are straightforward.

Card Number Comments
1 (se)
2 (se)
3 (se)
4 The Hexagonal Grid was selected to fill the entrance

aperture. The X-Y grid values should be sufficient
to cover the entrance aperture. The angle values
select the desired off-axis value (in this case 6.0°)

and the next value in the selected sequence (in this
case 7.0°).

5 The entrance aperture is filled with 6 elements in
the X and Y direction.

6 Based upon the baffle surface reflectivity, the at-

tenuation cut-off value should permit 5-6 reflections

ey




Card Numbey

10

11

13
14
15

16

17

18

Comments

The initial maximum recursion should be not so high

as to use additional computer time wiéﬁout nugh bene-
fit. The value 2 permits a single differential break-
down (i.e., 4 times as many central rays) while per-
mitting a look at the system complexity. A higher
value should be used only if required, as judged by

the entrance aperture coverage.

The entrance aperture fractional coverage is similar
to Card 7 in that extreme values (0 or 1) either re~
strict the evaluation or require more time, reducing
the advantages of the differential teshmique.

(se)

The coordinate system used to define the focal plane
describes the detector plane.

(se)
The additional detector coordinates.
(se)
(se)
(se)

The number is sufficient to describe the various sec-
tions comprising the system.

The lst coordinate system refers to the one at the
center on the mirror. The (XYZ) values are measured
from the lst coordinate system origims using a coordi~-
nate system tilted parallel to the mirror normal (7°).

The 2nd system origin is measured from the l-system
origin,
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Card Number Comments

19 As stated above. the tilt angle is (0, 7°, 0) from

the 1lst coordinate system,

20 The 3rd system is referenced to the 2nd system.
21 The 3rd system has the same origin as the 2-system.
22 The 3rd system is tilted (0,7°,0) relative to the

2nd system.
23 The 4th system is referenced to the 3rd system.

24 The 4th system origin measured in 4th system with

origin at position of 3rd system.

25 The tilt angle of the 4th system relative to the
3rd system is (0, -3.5, 0).
26 The 5tk system is referenced to the 3rd. :
27 (se) i
28 (se) ?
29 The 6th system is referenced to the 3rd.
30 (se)
31 (se)
32 The 7th system is referenced to the lst.
33 {se)
34 (se) 1
35 (se) !
36 The mirror is concave (1); the used section is on 1
negative side of z-axis of 2nd system and is referenced !

to the 2nd coordinate system.
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Card Number

LS 37

38
39

40

41

42

44
45
46

47

48
49
50
51
52-86
87

88-126

Comments

The center of the mirror is coincident with the ori-

gin of the 2nd system.
I"d)
(se)

It has a BRDF of Type 2; a table contains the mirror

BRDF versus angle values

The second mirror is concave (1); the used section is

on the positive Z-axis of the 5th system.

The center of the 2nd mirror is coincident with the
origin of the 5th systam,

(se)
(se)
(se)
There are 8 apertures.

The lst aperture is circular (]), has no sectiom;
is below {t (0), has the lst section. forward of it
(1), has no aperture inside it (0), has an axis
coineident with the lst coordinate with the lst co-

ordinate system, and is referenced to the first coor-
dinate aystem.

(se)
(se)
(se)

The BRDF values used are from the lst table.

\8€) Describes the other 7 apertures in similar manper.

There are 4 tubes,

Describes the 4 tubes in the system.
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Card Number

127
127-136
137
138-141
142
143-146
147-150

151=-154

155-161

Comments

There are 7 sections,

(se) Describes the 7 sections.

There are 2 BRDF types.

(se)

There are 4 critical apertures in the system.
Aperture-mirror relationship if aperture defines mirror.
Aperture to Aperture viewability.

Aperture to Section viewability,

Section to Section viewability.
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PERK'N—ELMER Report No, 11615
I.4 OUTPUT EXAMPLES
L
GUE=AP 1 PnuiLuaM Y TACYAR] 16:4341C PhGE 1
: SYSTcee TITLE ¢ 2AFFLE I TEST
[ SAFFLE LESIGH [Teralldn ¢
e e o 0 & 0 s UPTICLL FONM DATA @ 2 @ & ¢ ¢ @
#88 COUKDINATE SYSTen3 ese
{ .
AXIS NO. ORININ AXIS TILTS
1 Oev 047 Vel (1 I} VeV Ged
el -15,5% e 12641 0.0 7.0 Qev
‘ 3 ~3u.7 247 123,2 V.0 la g0 Vel
4 24,4 Do, 33.4 Dot Ived Vel
s '3007 ‘307 ll‘o’ ‘05.9 lgol '13-0
6 ‘30.7 "701 lJo“ 55.5 3100 -2701
7 Vel Ve 0.v 0.0 9040 Vel
ses SECTIUnS veo.
SECTIOY SECTIVUY CUnTENTS
SECTIG. TYPE 21 22 AKLS MInduRS APERTUNE ) TudES
1 Qo Dev 125.00 1 v 1 ¢ 0 1 0
4 1v3 123409 Oet l v 2 ¢ 3 o 1
3 2V0 12595 Ueu é 1 3 9 O v 0
4 0 33.74 Jzid.70 “ v S & 0 2 0
S 106 33e7m £2:06 5 v s 7 6 J 4
6 200 vev 1S.648 S é ¢ 6 ¢ 0 9
T (1] 25656 43.10 . ~ 7 & o 3 0
ee® MinRURS oo
“PERTURE  MlaRir CENTER vexThx  tInROR #i IR~OR
MIRROR SECTION NU“S TYPE POSITIUN POSITION AXKIS UIAENSIUNS
1 3 3 v 1 =259 12641 2 152.v 0.0
2l 6 . 0 6 1 370l 1467 S 2Ce% Ce0
*68 APEWTURES ®we
APERQTU<E 7-wXxls a2k <TuxE wPe2TunE
APERTU~E >cCTI0! TYPE PusSITion Lx1S vivtnsions
| 0 1 1 Vet 1 4o vel
2 1 é 1 12910 1 4ot Ue0
3 2 13 1 1264. 4 6.4 Vet
4 1 “ 1 [P0y - L3 (- X} Jebl
S 4 S \ 3. 4 UeS v.0
6 S -] 1 19.7 S “eS Jel
7 S 17 1 25.7 6 0.5 Vel
8 7 =1 1 45,2 6 lev 0.9
sed TyuotS eew
TucE Tudk  wEaL fuot 114aG TURE BaFFLE
TUKE TYPE 21 2 AX]S NLagkSTuny VIMENS TUNS orOUP
1 1 0. Uet 1 OeY Be9d 445 4.5 1
2 =1 ¢.0 Jel 4 Gl Qe
k) 1 0.0 Jev ) | ) lev
4 l 0.0 el & l‘)c'J lOoU
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v2/714/173

SYSTer TITLE ¢ marflLe [ TesT

BAFFLE UESIGN TTERATIu.

eee SLFFLE ORUUP> wae

BoFFLE BArfFF
OROUP  >SeCTiuw TyPe
1 . 6 1

.
NJ

/1

e

0.0 125-‘)

losd3aly

MO OF

PALE

naFFLES  HMaTowlALS

6
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GUERAP LT PrULk:4
SYSTeM THTLE

BAFFLE OESION ITerAll0On

ses QAFFLE GROUP NUMHER

S p—

-

[ 22+ ]

oUTsWNn -
© =t s b e

Beat kel  Baiad

Poetel Biat Biaad badd and Eeal e

baié

.

3
~

lhed3a

(esla/i

151

@ o @ o & @ gAFFLL UROUP SUMMarY & @ & « & &

] wuw

INNER
DIMENSIONS

4445
G471
S.30
S.82
6.27
6.73




|

Eaduoai ol Goetiinas . & o0 a o o

GUERAP T[] PrUGPL . 02/1~/173 16¢43.10 PALE
SYSTem TITLE ¢ saFrte [ TesT

BarfLe wESlon ITE<ATION O

e & @ S AND CALCULATCED vikEw FACTUR Sijariary « ¢ @

CrITICAL AME~TURES ..SSOCe MIrmur NUHDER
3 )
S - ¥
6 ?
7 Y
APERTUKE T 4PERTURS
o 1 0 2
1 0 1 w
0 1 v 1
n ¢ 1 U
APERTUXE TO StuTlul,
1 1 1 -1 ¢ J
-1 1 ¢ 1 1 o
6 0 v v 1 1 4
0o 0 3 v 1 v 1
SECTIu TU SECTIO!
1 | SIS S VR |
1} v ) v < 9
¢ 0 1 v ¢ 9 W
-} 1 0o 1 ¢ v 3
0O 0 0 0 1 O ¥
0 0 0 ¢ u 1 u
0O v 9 ¢ 0 £
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GUENAP 11 PrOOGKAY . va2/is/13 15643410 PAGE 5
SYSTEM TITLE * o4FFLE 1 TEST '

BAFFLE ODESION [TeraTIOw ¢

e & & @ & [CUdLwo RAYS VESCKRIPTION + & # & &

SOUXCE TYPEeacdeol POTHT
GRIU FOTTERI 000 e AnGOivaAL
WITr DIFFrexENTLALS

-

e

i bil bl bl ki bd bl ad A

INITIAL VALUE FlialL VALUc  INCOEMENT

X VaLlE =506V 5.0000V 2.00000
Y valus “S LOGUD 5.U000U TN

f
SOURCE DISTANMCE IS 27C.0(¢d0v
INTENSITY CUTOUFF VALJE IS Velvdni=-ua

MAXTAUM ReCuxSlon LeveEL 1S 2

FRACTIONAL COvE=ING IS VeBuuid i

e # & & ¢ DrTECTUR DESCRIPTION ¢ ¢ = & #

b

DETECTux PLA e CENTE~ED AT =3vel24(d =7.10196 45,1%084
ON AKIS r‘lU. -
AFTEr APZRTUrE 0. 3

bad

DETECTOR iNO. POSITION ﬁ
1 Gel Ueou l

THE DETECTUR PLANZ IS & oY o UWITS | 3
EACH DoTECTUR UnIT MEGSUKES  Ue23090 oY 6420600 .

THE UETECTUR SU=TENSE 1S Ue35U=uh

bbb ke A bad
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ot ~ak 1 PhuorAM 3 TIACIAR! 19e4 361t

SYSTchH TiTLE ¢ oafrFLE [ TFST

3

sAFFLE weEsIOon [TE~aTlug o

STraY LIGnT LTe~eCTIOYy LEVEL )

% ® @00 CLITICAL SUHFACeS ® » @ w & & @

eos TU<ES ¢ i
TU=E Sollu

NOe =voLC POINTS

Uo]J'ul -D.l-,c S et O "Uol‘.'o COeCOY =36l e 4H.161% =6eli)y ‘050163

Uelu=-01 29,0 “3.1‘-’:'3107?! ‘*5.106-Jlo./dg O‘*.CD;“Z".?Z’ D4 .06}

Lelu=J1l “Del. e Duehbl =0.l ¢ HULH0F =Bellie BBl ~belUe Muelbs

Uo]U'\)l 'Z"oYZ\\ ‘34.1@“.’1073' ‘5“.105'.’107(.01&'30663'("07201U3056;

W Www

et APExTURES €&+
APERTU=E SuLie
110 o SIVE  ~tidLe POLNTS
7 1 0.31)';,? ~29472 “d-];':‘290780 '5010:'310729 '8.1\;:

0ot YLFFLES 204
bhFFLE oiFFLe SuLlD
GROUP UIT  SIDZ  AnGLE POINTS
| 5 T0° b eBU=LG =413y «U,UUs 0o T4, €ed83% =9.,26% =ULUS

iy

el B AT EEN AT B Be BA U Y DY WAl B e o
L
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GUERAP 1 Pwuc~ald . YIACTAR 16e43ell) PAGE 7

SYSTe™ TITLE ¢ daFFes 1 TeST

? SOUKCE POSITIUM:  mAI = 2e00 LEUKEES
f i‘ ALPHA =  Ueu DEOREES
i ‘ % DETECTUR PUSITION: XA = 0e0 Y = ual

BAFFLE UESICH JITZrATION )

STRAY LIOAT INTIR&CTIO Level |

e 8 & 2 8 0 UidaNTED ENESGY SUHHawy # & ¢ & o 2

DETeCTur nNuveex ]

i bl i od b Gl Mad bl did

UNJANTED SYSTE PUINT SUURCE
CorPoNEnT t'ROF REJECTIUN RaTIY)
g ! BAFFLE UIFFRACTIO 05y 0.0
sAFFLE DIFFuSE Vel 0.0
{ SAFFLE sPeCuLax Gev (el
L MIR~UR DIFFUSE VevwuD=uUl Ue330-0%
MIR=UR SPcCUL:AR Ve 1T0=uh . UeblD=-13
SPECULAR T"“U] S '\)QU Va0
TOTAL SYSTEM Ve 4N=03 0.33L-09

ASSUMED DETECTO~ SUBTENSE =  Je350=0H STEvAU LA
WAVELENOGTH = V.0 MICRONS
TOTLlL 1HCOAING ENEXGY = 625D ud

COMPUTATION THkeSAILD JelCL=Vu

ITERATIVE LIFFE~ENTIAL vATAR
ivJdM3t= OF L1TEmaTIGS ?

;'.60

el A bl b

AkEA Trr=SHILY =
[wITial wwiske OF UIFFIS = |6
FlnaL wuMorr OF OlrF s = my

CO4PUTE TIME = 24320 71 SECCHUS TrIS PSS
ves3D ] SECuLUNILS TuTaL

-t

WV R

L, S

-
4
.

N
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GuernP Il PRUGHAM ve/le/13 l1€e43610 PAGE 3
SYSHEM TITLe & =AaFbL" | TrST

SOuUrCE PUSITIONS ST
4 AmlLPrA

3.0 NEVREES
veu UEGRCEES

DETECTUR POSITICH: X = yel Y = you

4 BAFrLE OVESLON ITERATION

STRAY L1IOGHT INTe=xaCTI10¢ LeveEL ]

¢ & & & F & PNLANTEY CHERLY SUMMARY @ & & & & &

DETLECTLUR nUelEr )

: ]

E

; U YANTED SYST: POTAT SuUxdE

1 CoOMPONENT urUF KEJECTIUN FaTld

: HafFbLe DIFFusE Ded 0.0

1 duFFLE SPECUL A Vel el
Mirvvur UIFFUSE Ver~20-03 Vel22)=-05

‘ “ImreOn SPECublar Ve l9D=vu3d Veb35U=15

1 SPECUL e T=rUT Ve 0.V

TOTAL SYSTE~ Ver2N=03 Ve220-0w

ASSU-Ew IETECTUR 3unTE 5 = veddN=5H STExAULANS

W;’lVLLE:-UIﬁ Jeu HICP\'UNS
TOTAL 1CUMING ENErGY = Je32L vé

COPUTATION Th2ESmULD UGelub=v4

JTErallve ulFre~enwTlag uaTaAL

' g it OF lle=xaTlus = ?
ArE L Tromsiymint) = D8y

* LITIal nuioer OF LIFFYS = 16
Fiiedbl WliamERr UF 0OjrF S = AQ

b coeRuTe Tlve = Le25u 21 SeCuliDS T-IS Pads
veonl ul SECUHWUS TNTap

Reproduced from
best available copy.
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Report No. 11615

PERKIN-ELMER

II.1 INPUT DATA CARDS

MK T GUEKAP

MARK VT TEST
19Co090e00 1
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130130110l
leb =5

lo

oMo
0000.'000
2ol
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35'050
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02'
001'3“005'
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e
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lo'
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15000
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| . 561 5.5
; ST7: leo
¢ 58% 1o

e A

692 =193949% 1y
1 §* 60: 0090.'19.0
F i, 612 4S5y
622 leo
s 63: l'

3 Z 642 ~192939891,
fﬁ 3 65: 0090.911.39
66 Bebo
i 672 leo
} 68: 1o
692 =191+2¢001>
[ 70: 009009444y
‘ T1: Be6s
72: lo'
. 732 1o
l T4: YoeTe3e691)0
; 75: 0.'00’11030
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[ 772 leo
{ 782 1
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{ 81: 3.65,
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B83: 1o
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85: 00’00025026’ i
363 lo’
B7: leo
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B9: 1094109091,
903 0.90.’39090
Gl 7450
92: lo’
93: 1o
943 191091240010 _
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96t 220 i
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101 4460 ]
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1053 0.’00"05068'
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. 1662 0aoe

3 1AT: 4o
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PERKIN-ELLMER Report No. 11615

11,2 INPUT DATA, WITH LABELS, AS PRINTED OUIl' BY GUERAP il

CPATUSERID  SCHREYER  16/12/73 11445453 o

INPUT TiTLe
MARK VI] TEST
IVPUT TDIFFRy IBSPEC IBUIFF o IMSPEC IMDTFF 4 IOPTN

1 0 0 v 0 1
INPUT InMOD
Lo}
INPUT XST o XFINgYSToYFINyALPHAL9ALFPHA24BETAL9BETA2,
=1%.00000 13.000006 =18,0C000 18,0000 0.0 10.00000 0.0
THPUIT NoNNoNNN o NNNN
13 13 11 i
INPUT INTENSITY CUTOFF vALUE
Cel10C0LU=-04

[HPUT MAXIMUM RECURSION LEVEL
1
INWPUT FRACTIONAL COVERING DESIRED
0.540000
INPUT XDEToYDETSZDET
Ue0 00 Ue0
INPUT NuMBeER OF DETECTORS AND AXES OF OFTECTOR PLANE
2 1
TWPHT XeY POSITION OF DETECTOR
U0 060
INPUT XeY POSITION OF VETECTOR
0.50000 0.50000
INPHT NRINS
H
[1PUT =INSI17
0.20000
[NPUT DTAREAGEFL
0.01000 34,0R000

IMPUT WUMBER OF LOCAL CONRDINATE SYSTEMS
]
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INPUT NUMBER OF MIRRORS
4

INPUT MIRROR TYPEes MIRROR AND REFERENCE AXES NUMBERS

1 -1 -1
INPUT XCENTReYCENTR«ZCENTR
0.0 0.0 =51.R5000
INPUT MIRROR RADIUS
G5l1.40000
INPUT MIRROR REFLECTIVITY
1.779500
INPUT RHDF TYPE
?

[NPUT MIRROR TYPEs MIRROR AND KEFERENCE AXES NUMBERS

1 1 =
INPYT XCENTReYCENTReZCENTH
Vel Ne0 181.94000
INPUT MIRKOR RADIUS

INPUT MIRROR TYPEs MIRRUR AND REFERENCE AXES NUMBERS

170,97000
INPUT MIRROR REFLECTIVITY
1.00000
INPUT HRDF TYPE
’
1 -1 -1
INPUT XCENTReYCENTRSZCENTR
0eD 0.0 19.03000
INPUT MIRROR RADIUS
22.25000

INPUT MIRROR REFLECTIVITY
1.00000
10PHT RwDF TYPE

INPUT TRROKR TYPEy MIKROR AND REFERENCE AXES NUMBERS

?
4 =} =f
I'PHT XCENTReYCENTReZCENTR
Ueh Ve 250?6000
INPHT MIRROR RADIUS
999,6G9999

INPUT MIRROR REFLECTIVITY
1.90000
INPUT =RDF TYPE
)
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INPUT NUMBER OF APERTURES

14
INPUT KATYP+KABACK ¢ KANEXT 9 KOTHER ¢ KAXES o KREF
1 ¢ 1 0 1 0
INPUT CENTER POSITION
0.0 0.0 0.0

INPUT APERTURE DIMENSIONS
18.80000 0.0
INPUT APERTURE REFLECTIVITY
1.00000
INPUT ®RDF TYPE
1

INPUT KATYPoKABACK sKANEXT sKOTHER » KAXES o KREF

1 S 6 ) 1 ¢
INPUT CENTER POSITION
0.0 0.0 37.70000

INPUT APERTURE DIMENSIONS
18.15000 0.0
INPUT APERTURE REFLECTIVITY
1.00000
INPUT BRDF TYRPE
1
INPUT KATYPsKABACKoKANEXToKOTHER 9K AXES ¢ KREF

-1 6 6 0 1 0
INPUT CENTER POSITION
0.0 Ne0 39,20000

INPUT APERTURE DIMENSIONS
8,65000 Ge0

INPUT APERTURE REFLECTIVITY
1.00000

INPUT HRDF TYPE

1
INPUT KATYP ¢ KABACK + KANEXT s KOTHER ¢ KAXES o KREF

-1 4 S 0 1 0
INPUT CENTER POSITION
0.0 0.0 25426000

INPUT APERTURE DIMENSIONS
5.50000 0.0
INPUT APERTURE REFLECTIVITY
1.00000
INPUT RKOF TYPE
1
INPUT KATYPoKABACKoKANEXToKOTHERoKAXESoKREF

=1 3 4 9 )} 0
INPUT CENTER POSITION
0.0 0.0 19.00000

INPUT APERTURE DIMENSIONS

4.50000 0.0
INPUT APERTURE REFLECTIVITY

1.00000
INPUT BKDF TYPE

1
INPUT KATYP;KABACKvKANEXT9K0THERoKAXESoKREF
2 3 8 1 0

INPUT CENTER POSITION

0.0 0.0 11.30000
INPUT APERTURE DIMENSIONS

8.60000 0.0
INPUT APERTURE REFLECTIVITY

1.00000
INPUT BROF TYPE

]
INPUT KATYP.KABACKoKANEXYoKOTHERoKAXES.KREF
- 1 2 n ] n

189

i e et v i ol e i




- L] v

INPUT CENTER POSITION
0.0 0.0 4,40000

INPUT APERTURE DiMENSIONS
8.60000 0.0

INPUT APERTURE RE“LECTIVITY
1.00000

INPUT RROF TYPE

1
INPUT KATYP+KABACKeRANEXToKOTHERIKAXES o KREF

1 7 3 6 1 0
INPUT CENTER POSITION o
0.0 0.0 11.30000 ,
INPUT APERTURE DIMENSIONS Ll

7.39500 0.0
INPUT APERTURE REFLECTIVITY -?
1.00000 l
INPUT BxDF TYPE .
1
INPUT KATYPsKABACK+KANEXT9KOTHER9KAXES o KREF

1 3 8 5 1 0 :
INPUT CENTER POSITION
0.9 0.0 19.50000 7
INPUT APERTURE DIMENSIONS i
365000 0.0 Had
INPUT APERTURE REFLECTIVITY
1.00000 il

INPUT BRDF TYPE
1
INPUT KaTYPoKABACKoKANEXT9KOTHERsKAXES 9 KREF

) 3 9 0 1 ¢
INPUT CENTER POSITION il
0.0 0.0 25.26000

INPUT APERTURE DIMENSIONS 1
1.000C0 0.0 il
INPUT APERTURE REFLECTIVITY
1.00000
INPUT BRODF TYPE
1
INPUT KATYP+KABACKsKANEXToKOTHERsKAXES s KREF

1 9 10 0 1 0 W
INPUT CENTER POSITION
0.0 0e0 39.90000 o

INPUT ARERTURE DIMENSIONS
7.50000 0.0
INPUT APERTURE REFLECTIVITY
1.00000
INFUT RRDF TYPE
1
INPUT KATYPsKABACK s KANEXT oKOTHEKR ¢ (AXES 9y KREF =

| 10 12 0 1 0
INPUT CENTER POSITION
0.0 0.0 41.10000 Wi
INPUT APERTURE DIMENSIONS

2.20000 0.0
INPUT APERTURE REFLECTIVITY .
1.00000 3 b
INPUT HRDF TYPE §
; d
INPUT KATYPyKABACK s KANEXT ¢KOTHER +KAXES s KREF

Gkt

1 11 9 v 1 0
INPUT CENTER POSITION
0.0 0.0 25.26000

INPUT APERTURE DIMENSIONS
4.60000 0.0

INPUT APERTURE REFLECTIVITY
1.nn0AN

e i" i
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INPUT BRDF TYPE
1
g’ INPUT KATYPsKABACKsKANEXT o KOTHER s KAKES o KREF
i ] 12 -1 0 1 0
INPUT CENTER POSITION
1 - 00 040 45.68000
: I, INPUT APERTURE DIMENSIONS
: 2.20000 0.0
. - INPUT APERTURE REFLECTIVITY
E ] Q 1.00000
; E “ INPUT RRDF TYPE
- . 1
- I[| .
] J
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INPUT NUMBER OF TUBES
7
INPUT AXIS NUMBER FOR TUBE, AND REFERENCE AXIS NUMBER
1 4)
INPUT REFTUR
1.00000
INPUT RRDF TYPE
1
INPUT XABeYAHsZAB
0.0 0.0 Oe.n
INPUT ITYPLE
)
INPUT RADIUS
18.,R0000
INPUT SLOPE
-0,00920
INPUT IBAFF + IWCBAF
? (1
INPUT XABeYAByZAHB
0.0 ‘J«O OOU
INPUT ITYPE
]
INPUT RADIUS
19.1000¢
INPUT SLOPE
0.v ol
INPUT Msaf N
7 ;}j
INPUT 7Z8(I) s I=19MBAF .
0.0 4e4G000 11.36000 19400000 25426000 30,00000 237,70000
INPUT S(I)sI=1eMBAF
0.0 0.0 0.0 0.0 0.0 0.0 0.0
INPUT AXIS NUMBER FOR TUHE. AND REFERENCE AXIS NUMBER e
1 5
INPUT REFTUB i
1.00000 i
INPUT RRDF TYPE
1
INPUT XABoYAByZAB
0.0 0e0 25.26000 .
INPUT ITYPE b
i ) ;
INPUT RADIUS 1
5.50001 <
INPUT SLOPE i
0422340
INPUT IBAFF o+ IWCBAF
2 0
INPUT XABeYABeZAB
0.0 0.0 25.726000
INPUT ITYPE -
1
INPUT RADIUS i
5450000 !
INPUT SLOPL
0.14810
INPUT MBAF
)
INPUT ZB(I)sI=1yMBAF

€5.26000 25.80000 27.80000 30.80000 32.80000 35.80000 37.70000 39,20000
INPUT S(I)eI=1yMBAF

AEn i R, i Vadariie v, Wt i

0.0 0.0 0.0 0.0 0.0 Cel 0.0 0.0
INPUT AXIS NUMBER FOR TUBE, AND REFERENCE AXIS NUMBER
1 n
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INPUT REFTUB !
1.00060 ’
INPUT BRDF TYPE 4
1 |
INPUT XABsYABsZAB l}
0.0 0.0 19.00000 ;
INPUT ITYPE
|
INPUT RADIUS
4,50000
INPUT SLOPE
0.15620
INPUT IBAFF . IWCBAF
2 {]
INPUT XABsYAH.ZAB
0.0 0.0 19,00000
INPUT ITYPE
1
INPUT RADIUS
4,05000
INPUT SLOPE
0.05460
INPUT MBAF
4
INPUT Zu (1) I=19MBAF
19.00000 20450000 22.00000 25.26000
INPUT S(I)sI=19MBAF

0.0 0.0 0.0 060 :
INPUT AXIS NUMBER FOk TUBEs AND REFERENCE AXIS NUMBER 1
1 n 7!
INPUT REFTUY i
1.00000

INPUT HRDF TYPE
L E
INPUT XABsYABosZAB :
0.0 040 4440000 _
INPUT ITYPE )
) i
INPUT RADIUS
8.60000
INPUT SLOPE
0.0
INPUT 1BAFF . IWCBAF
2 0
INPUT XABsYAByZAB
0.0 0.0 4440000
INPUT ITYPE
1
INPUT RADIUS
6.50000
INPUT SLOPE
0.0 ;
INPUT MBAF ?
“ I
INPUT ZB(1)+I=1yMBAF 1
4.40000 6440000 9.30000 11.30000
INPUT S(I)sI=14MBAF ;

G Fooes et~ kR

0.0 0.0 0.0 0.0 .
INPUT AXIS NUMBER FOR TUBEs AND REFERENCE AXIS NUMEER |
1 0 : |
INPUT REFTUB
1.00000

INPUT BRDF TYPE
1
INPUT XABeYABZAB
Nn.n 0.0 25.2A0NN
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INPUT ITYPL
1
INPUT RADIUS

4.60000
INPUT SLUOPE
0.1R150
INPUT IoAFF +« IWCHAF
e 0
INPUT XABeYABeZAH
0.0 0.0 25.26000
INPUT 1TYPE
|
INPUT RaDIUS
5.50020
IMNPUT SLOPE
Oe 14810
INPUT MBbAF
o)
INPUT Zu(1) ¢ 1=)9M3AF

C5426770 2580000 2748000 30483070 32.80000 35.80000
INPUT S(I),T=]yMBAF

0.0 0e0 0e0 0.0 0.0 0.0
INPUT AXIS NUMBER FOR TUBEe AND REFERENCE AYIS NUMREPR
1 i !
INPUT REFTUH
1.00C00
IMPUT ~xDF TYPE
1
INPUT XxABsYABeZAH
0.0 0,0 19,90000

INPUT ITYPE
]
INPUT wiaDIuS
3.65000
INPUT SLOPE
0.0S4k0
INPUT 18AFF ¢ [WCHBAF
l 1)
INPUT axIS NUMBER FOR TUSEs AMD REFEREMCE AXIS NUMBER
1 G
INPUT KEFTUR
100000
INPUT &rDF TYPE
1
[NPUT xXABeYAByZAB
0.0 0.0 4l.10000
INPUT ITYPE
)
INPUT waDIuUS
2.20000
INPUT SLOPE
0.0
1'vPUT I18AFF ¢ IWCHAF
1 2
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INPUT
12
INPUT
0
INPUT
4
INPUT
0
INPUT
3
INPUT
2
INPUT
297
INPUT
200
INPUT
Q
INPUT

U
INPUT
290
INPUT
200
INPUT
(

MUMsERr OF SECTIONS

JTYPE o JSECT 19 UBACK ¢ INEXT 9 JSECT24 JSECT3
1 1 7 0 ¢

JTYPE s JSECT 19 UHACK o UNEXT e JSECT24JSECT3
1 7 6 0 0

JTYPE W JUSECT 19 JBACK o INEXT 9 JSECT 24 JSECT3
1 5 5 0 4

JIYPEoJSECT 1+ JBACK e UNEXT e JSECT24JSECT3
1 5 4 0 0

JTYPE o« JSECT 19 JBACK o UNEXT 9 USECT 24 JSECT3
] 4 2 0 0

JTYPE s JSECT 19 JBACK ¢ UNEXT 9 JSECT 24 JSECT3
1 2 3 0 0

JTYPE s JSECT 1y UBACK  UINEXT 9 USECT2eUSECT3
2 0 e} 0 )

JTYYPE«JUSECT 19 UBACK ¢« UINEXT e USECT2,4.JSECT3
b 9 10 0 0

JTYPE s JSECT Y 9 JBACK ¢ JNEXT 9 JSECT24JSECT3
S 13 11 0 0

JTYPEsJSECT 9 JBACK « UNEXT e JSECT24JSECT3
3 11 12 0 0

JTYPE ¢ JSECT 4 9 JBACK ¢ INEXT 9 JSECT 2,4 JSECT3
4 10 13 0 0

JTYPE «JSECT 19 UBACK s UNEXT ¢ JSECT24.JSECT 3
7 12 14 0 0

SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SEC” ION
SECTION
SECTION
SECTION
SECTION
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INPUT NUMBER OF BROF TYPES

’
INPUT GENERAL SPECULAR AND DIFFUSE MULTIPLIERS
-1.,00000 <=1.,00000

ScT NO. 1 INPUT TABLES TO HAVE MULTPLIERS
0 0 0 0 0 0 0 0

SET NO.= 1 TABLE NO.= |

SPECULAR REFLECTIVITY=  0.02500 MAXIMUM INCIDENT ANGLE FOR TABLE=

2,00000 0.14000
2.50000 0.11000
3,00n00 0.05300
4.,50000 0.02700
6.,00000 0.01400
13.,00000 0.00720
37.00000 0.00370
40.00000 000180
56,00000 0.0009v
61.00000 0.00050
180.,00000 0.00030

SET NO.= | TABLE NO.= 2

SPECULAR REFLECTIVITY= 0,04000 MAXIMUM INCIDENT ANGLE FOR TABLE=

2.,00000 0.28000
3.00000 0.14000
400000 0.06700
7.00000 0.03400
8.50000 V.01700
25,00000 0.00750
70.,00000 0.00380
180.,00000 0.00170

SEY NOe= 1 TABLE NOe= 3

SPECULAR REFLECTIVITY= 0,03500 MAXIMUM INCIUENT ANGLE FOR TABLE=
1.00000 1.10000
1.20000 0.82000
1.30000 0.40000
1.50000 0.20000

2.00000 0.09800
3.00000 0.05000
4,00000 0.02500
8.50000 0.01200
19.00000 0.00600
75.,00000 0.00400
97.00000 0.00320
180.,00000 0.00230

SET NO.= 1 TABLE NO.= ¢

SPECULAR REFLECTIVITY= 0.40000 MAXIMUM INCIDENT ANGLE FOR TABLE=
1.00000  1.10000

1.20000 0.82000
1.3nnnNn n.annnn

e o i e

20.00000

45,00000

75,00000

90.,00000

g,
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1.50000 0.20000
2.00000 0.09800
3.00000 0.05000
4.,00000 0.02500
] - 8.50000 0.01200
; 19.00000 0.00600
4 1S 75.,00000 0.00400

{ 97.00000 0.00320
: ¥ 180.00000 0.00230
INPUT GENERAL SPECULAR AND DIFFUSE MULTIPLIERS
1 -1.00000 <-1.00000
SEY NO. 2 INPUT TABLES TO HAVE MULTPLIERS
0 0 0 0 0 0 0 0

il SET NO.= 2 TABLE NO.= 1

SPECULAR REFLECTIVITY= 0.95000 MAXTMUM INCIDENT ANGLE FOR TABLE= 90,0000¢

TN T AT

0.,75000 0.00700
1.50000 0.00280
2.50000 0.00200
3.50000 0.00160
4.50000 0.00130
5.56000 0.00100
6.50000 0.00080
7.50000 0.00060
8.50000 0.00051
9.50000 0.00045
12.50000 0.00040
17.50000 0.,00025
25.,00000 0.00016
45,00000 0.00010
180,00000 0.00004
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INFUT NCAPK

b‘
INPUT CRITICAL APERTURE AND ASSOCIATED

2 1
INPUT CRITICAL APERTURE ANUL ASSOCIAYED

] 2
INPUT CRITICAL APERTURE AND ASSOCIATED

1y 0
InPUT CRITICAL APERTURE AND ASSOCIATED

11 3
1HPUT “RITICAL APERTUKRE AND ASSOCIATED

13 4
AMERTURE 1 SEES APERTURFS-=-

2 0 0 0 0 0
AVERTURE 2 SEES APERTURES==-

1 3 0 0 0 0
APERTURE 3 SEES APERTURFS=-

2 4 0 ] 0 0
APERTURE 4 SEES APERTURES=--

3 5 0 0 0 0
AFERTURE 5 SEES APERTURES=-

4 0 0 0 0 0
APERTURE 1 SEES SECTIONS=-

1 2 3 4 S 6
APERTURE ? SEES SECTIONS=-

3 4 5 6 7 8
APERTURE 3 SEES SECTIONS=-

1 2 3 B 9 12
APERTURE 4 SEES SECTIONS=-

9 10 0 0 0 ¢
APERTURE & SEES SECTIQNS=-

D) 11 12 v 0 0
SECTION 1 SFES SECTIONS=-

] ’ 3 4 ) H
SECTION 2 SEES SECTIONS=-

1 e 3 4 5 8
SECTION 3 SEES SECTIONS=-

) 2 3 4 ) 8
SECTION 6 SEES SECTIONS=-

] 2 3 4 S 0
SCCTION 5 SEES SECTIONS=--

1 2 3 4 S 0
SECTION 6 SEES SECTIONS=-

5 ¢ 0 0 0 0
SECTION 7 SEES SECTIUONS-~

7 0 0 0 0 0
SECTION R SEES SECTIONS=-

1 l 3 H 0 0
SECTION 9 SEES SECTIONS=-

9 12 ¢ n 0 0
SECTION 10 SEES SECTIONS=-

10 ] ] 0 0 0
SECTION 11 SEES SECTIONS=-

11 0 ¢ 0 0 0
SECTION 12 SEES SECTIONS=--

3 12 0 1] 0 0

MIRKUR
mIRROR
MIRROR
MIRROR

MIRROR
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[1.3 INPUT DATA EXPLANATION

The input data to the Mark VII has m:ny of the features common to the
Baffle I. There are some differences because of the on-axis design which
make it worthy of a data input discussion analogous to that used for the
Baffle I. However, only those model features that would assist one with the
program operation will be discussed. For reference the number corresponding

to those in the input data list will be used. The input data list can be

divided into the following groups:

1-15 Run Data

16 Coordinate System
17 - 37 Mirrors

38 - 108 Apertures

109 - 200 Tubes

201 - 213 Sections

214 - 218 BRDF Table

219 - 247 Critical aperture and viewability of apertures and sections

If another baffle, aperture, or any element should be added to alter the
number of times any card is vsed, these number groupings will change accordingly
with a higher number of input values resulting. (Se means self-explanatory.)

1 -15 The run data is analogous to that used in the Baffle I

16 The on-axis feature premits a single coordinate system. The

coordinate systems are mainly positioned in accordance with
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normal optical design ray tracing procedures. Additional
systems are used for systems of design complexity in the

program modeling.

17 - 37 The radius of curvature of the primary is located outside the
entrance aperture, {.e., in the negative z-direction. The
aspheric secondary and tertiary are represented by their
nearest fitting spheres. The plane quaternary is given the

radius of curvature 999.999, which reflects to infinite.

38 - 108 The 3rd aperture is negative type, i.e., the mirror or clear
portion is outside its radius. This applies also to the
4th - 7th apertures. The 9th aperture is inside the 5th, so
for the 5th aperture, KOTHER = 9. They must have the same
z-value for KOTHER # O. The KOTHER = 5 for the 9th aperture;
however, the smaller radius refers it to the inner aperture.
The 2nd and 3rd apertures form the primary clear aperture

but they have different z values. Therefore for the 2nd,
KOTHER = O,

109 - 200 The lst tube has an imaginary input radius of 18.9 with a
slope of -0.00920. This corresponds to the fixst baffle edge

in a cylindrical tube of radius 19.1, and also serves as the

lst aperture, The final baffle in this tube at Z = 37.7 serves

as the 2nd aperture,

The 2nd tube begins at the plane of the quaternary, z = 25.26. The
imnginary tube or baffle edges have an input radius of 5.50001 and a slope of
0.2234, while the real tube has the values 5.5 and 0.14810, respectively. The
first baffle serves as the 4th aperture, while the last at z = 39.2 is the 3rd

aperture. The 3rd and 4th tubes have similar characteristics.

The 5th tube has an imaginary tube inside the real tube. The imaginary
input radius 1s 4.6 with slope 0.1815, while the real tube has 5.5 and 0.148,
respectively. The baffle positions are made coincident in z-value with those
in the 2nd tube. The 6th tube has nc baffles with the real tube input radius
of 3.65 and slope 0.05460. The input serves as the 9th aperture.

200
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201 - 213 The sections are as shown in the system figure. The 2nd
section s withir the 4th tube (JTYPE = 4), is within the
lst tube (JSECT1 = 1), has 7th aperture as its backward
aperture (JBACK
aperture (JNEXT

5

7), has 6th aperture as its forward
6), and no holes (JSECT 2 = 0),

il

The 6th section, which is the primary mirror section, is described
as follows: the 2nd tube obscures a portion of the primary mirror (JTYPE =
202), the 6th section is within the 1lst tube (JSECT1 = 1), the 2nd aperture is
its backward aperture (JBACK = 2), the 3rd aperture is its forward aperture
(JNEXT = 3), and has JSECT2 = 0 since its central hole or obscuration is already
referred to in JTY"Z = 202,

214 - 218 (Se)

219 - 247 The critical apertures define the mirrors and stops (field
stop, Lyot stop). The Lyot stop is approximately coincident
with the quaternary, therefore the 5th critical aperture serves
both requirements. The critical aperture and aperture numbers
are as follows: 1-2, 2-8, 3-10, 4-11, and 5-13,

201




PERKIN-ELMER
11.4 SAMPLE PROGRAM OUTPUTS

Report No., 11615

OGUERAP I1 PROGRAM 06712773 11645640 PAGE 1
SYSTeM TITLE ¢ “4ARK VII TEST
RAFFLE DESION ITERATION o
® o & o &8 & OPTICAL FORM DATA # & & » & & &
sed CUOKUINATE SYSTEMS #&e
AXIS NO. ORIGIN AX1IS TILTS
1 0.0 Ues0 0.0 0.0 0.0 0.0
eea SECTIONS #&e
SECTION SECTION CONTENTS
SECTION TYPE Z1 22 AXIS MIRKRORS APERTURES TUBES
1 ] 0.0 4440 1 0 1 7 0 1 0
4 4 Lokl 1130 1 0 7 o6 0 1 4
3 0 11.30 1900 1 v 6 5 30 1 0
4 3 19.00 25.26 1 0 S 4 0 1 3
) 2 25426 37.790 1 v 4 2 0 1 2
~ 202 37.70 39,720 1 1 2 3 90 0 2
7 200 Ve00 11,30 1 2 0 &6 0 0 0
3 0 19.00 25426 1 0 910 0 6 0
9 ] 2526 359.90 1 0 1311 0 S G
10 200 3990 41,10 | 3 il 12 0 0 0
11 200 25.26 25420 1 4 10 13 0 0 o
12 0 41.10 45,68 1 U] 12 14 o 7 0
sed MIRRORS #a%
APERTURE MIRROR CFNTER VERTEX MIRROR MIRROR
MIkwORr SECTION NUMS TYPE PASITION POSITION AXIS ODIMENSIONS
1 ) 2 3 1 =51.9 39.A 1 S9l.4 0.0
e 7 U 8 1 18240 llen 1 171.0 0.0
3 10 11 12 1 190 41.3 1 2243 0.0
4 11 10 13 0 25.3 1025.3 1 1000.0 0.0
sae APFRTURES #ae
APERTURE Z~AXIS APERTURE APERTURE
APERTURE SECTIOWN TYPE POSITIiON AX1S DIMENSIONS
| 0 1 1 0.0 1 1848 0.0
2 5 6 1 37.7 1 1B.2 060
3 6 b -l 3902 l 507 0.0
4 4 5 ol 25.3 1 Se5 0.0
S 3 4 -1 19.u 1 45 060
6 2 3 -1 11.3 1 8.6 0.0
7 1 2 -1 beb 1 8.6 0.0
) 7 3 1 11.3 | Te4 0.0
9 3 4 1 19.0 1 3.7 0.0
10 8 9 1 25.3 1 1.0 0.0
11 9 10 1 39.9 1 7.5 V0
12 10 12 1 4l.1 1 2.2 0.0
13 11 9 ] 25.3 1 4.6 0.0
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-
SYSTEM TITLE : MARK VII TEST

“s HAFFLE DESION ITERATION ¢

i eat TUHES #en
? - TUBE TUBE REAL TUBE IMAG TUHE BAFFLE
: - TURE  TYPE Z1 22 AXIS DT4ENSTONS DIMENSIONS GROUP
f | ] 1 0e0  0o0 1 19.1 19.1 18,8 18.8 1
: ‘. 2 1 0.0  Uo) 1 5¢5 5.5 5¢5 55 2
E_f . 3 1 0.0 0.0 ] “.l “.l 4.5 4.5 3
‘ 4 1 0.0 9,0 1 6e5 6.5 Be6  B46 4
E i 5 1 0ed 0,0 1 505 545 beb 4ob 5
1 6 l 0.0 0.0 l 3.7 307
E 7 1 0.0 0.0 1 2e2 242
4

et WAFFLE GROUPS #as

: dAFFLE BAFFLE NOe JF

: . GROUP SECTION TYPE 21 Z2 wAFFLES MATERIALS
g 1 9 1 0.0 37.7 7

: Z 10 1 25.3 39.2 ~

| ; 3 11 1 19.0 2543 4

: 4 12 I 4,6 11.3 4

: 5 13 1 25,3 39.9 B
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W Ny -

W N - X~NT UV

£ W N -

SYSTEM TITLE

TYPE

1

b et et st i st

TYPE

[ ol IS RS R S S )

TYPE

1

1
1
1

p
1
1
1
|

T AT

GUEKAP 11 PROGRAM

HAFFLE DESIGN ITERATION

see HAFFLE GROUP NUMKER

Z
Ua )
444
11.3
19,9
25.3
30.0
37.7

*se BAFFLE GROUP NUMREp

4
25.3
25.8
CT.R
30.8
3245
35.4
37.7
39.2

*82 BAFFLE GROUF NUMRER

l
19,0

25
22e¢
25.3

¢a2¢ SAFFLE GROUP NUMBER

- OO &N

ww s

06712773

MArRK VII TEST

U

¢8R 8® PAFFLE GROUP SUMMARY # & # & & &

1 #sa

INNER

DIMENSIONS

18.80 18,10
18,76 14476
18.70 18,70
18.63 18,63
18.57 18,87
18,52 18,52
18.45 18,45

2 vap
INNER
DIMENSIONS
5.50 550
5.58 5¢58
5.88 5488
6.32 6422
Hhe62 Heb?
7,06 Tei)6
T34 Te34
7.56 7T.56

3 e
INNER
DIMENSIONS
4,05 4.05
4,13 413
4,21  4.2]
4.39 4,79

4 wuu

INNER
DIMENSIONS
6.50) 6450
6.50 6450
6450 6450
6.50 6.50
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: ;i GUERAP 11 PROGRAM 06/12/73  11.45.40 PAGE 4
L L SYSTEM TITLE & wARK vI[ TEST
e |
| %% bAFFLE DESION ITERATION
t | ‘
- j‘ ses BAFFLE GROUP NUMBER & w#ue
y b
] INNE R
HAFFLE  TYPE 2 DIMENSIONS
! i 1 1 2563 4.6 G460
i : e 1 25 H 4,70 4470
: 3 1 27.8 5,06 5.06
{ 4 1 30.8 5,61 5.6l
A ‘. 5 1 32.8 597  5.97
g [ 7 1 37.7 6,86  6.86
| 8 1 39,9 7,26 1.,2h _
|
E [ |
] ' :
{
8
i
!
!
f
| 3
!4‘
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