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ABSTRACT 

This report describes a General UnwautJd Energy Rejection Analysis 

Program (GUERAP).  In addition to being a user's guide for the program, the 

report presents the theory behind the program. 

in terms of; 

A deterministic approach to stray light computation is presented 

(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 

, 

; 

D 
" 

D 

1.1  INTRODUCTION 

Thl« 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 F04701-71rC-0376. 

The basic purpose for the development of the GUERAP II 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 grater than 

the target* 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 

associated with this configuration? 

This report describes the theory of operation behind th? 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 tue program as well as 

a discussion of the off-axis rejection parameters.  Section II contains 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. 

[ 

±*e*3m 1IIT'-""' J'J'^WIlWlli""J'-~-*-" '■'  

. ^ , 



HSEW^w|^'llg-^g«S55ISiiJ ■"•*- pupumi 

PERKIN-ELMER Report No. 11615 

:i 

1.2    BASIC FEATURES OF THE GUERAP II  COMPUTER PROGRAM 

1.2.1 Ability to Handle Generalized Qotlc«! Forms 

One of the basic  features of  the GUERAP II  computer  program is  the 

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;   i*: 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  tLose  that occur in systems  limited by 

triple diffraction. 

2 

• ■ 

■t...^^»..»^.^!.^^.--»»^»-'»"«««»-^ iirn-,""'",",-aw,lli<'»«W»llnriiH'i""'J'""' 
^^^j^^ljlg^w^^...,,...^^ 



m*mo ..i»»)»p<Ujl|.Hl.ll!I.LI.IIll um .. 
^ijm'vmmAmmimmMummnm^wimMmiim''^ 

JäsDip^ti^^fffpfeft' 

" 

PERKirsi-ELMER 
Report No. 11615 

1.2.3 User Modes 

Although  the  stated 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  capability  could be added  to the   pro- 

pram 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 II  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 has a design Iteration feature in which the dimensions of various 

system elements  (stop diameters,  etc.)   can be  varied within a run  to  facilitate 

the exa-nination of  the effect of  that design  feature on the overall off-axis 

rejection capabilities of  the system being examined. 

1.2.^    Use of the Program 

The GUERAP II 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 II analysis can be 

properly understood,   some basic  terms describing various aspects of off-axis 

rejection analysis must be defined.    This done  in the next section. 
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1.3 OFF-AXIS REJECTION PERFORMANCE PARAMETERS 

1.3.1 Bl-dlrectlonal Reflectance Distribution Function (BRDF) 

The scatter characteristics of a surface can be obtained from the 

Bi-directional Reflectance 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 6 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 amount of energy p(9,^) 

detected by a detector located at some angle 0 with respect to the specularly 

reflected component, divided by the total incident radiation P0 and the solid 

angle subtended by the detector ft 
DET 

Thus, 

BRDF (9,^) - l-r*^-    • TT—  (Fraction/Steradian) S (1.1) 
ET 

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 system 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 tha.  collimated incident 

energy is the angle 4-   (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 xn 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 

Ö 
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b,    BRDF of Optical  System 

, 

i 
Figure 1-1. Bl-Dlrect:onal Reflectance Distribution 

Functions (BRDF's) 
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amount of energy fxm  the unwanted point source detected when the system's line 

of sight Is displaced an angle p  from the point source, with respect to the 

amount of energy that would be detected If all of the energy Incident on the 

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

psRR(e^) - Z&& - s(M) . n^m (1.2) 

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(e,^) - PSRR(e,^) . P (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 (a)  from the edge of the source, divided by the 

amount of energy that would be detected if the source were being imaged directly 

onto the detector at the angular position 6. 

Thus, 

where 

ESRR(6,a) 
H(9,a) 
H 

(1.4) 

H(6,a) - flux density at angle 6 due to extended source whose 
edge is displaced an angle a from the detector position. 

H   m    flux density of direct image of extended source, 
o 

:. 
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To evaluate the Extended Source Rejection Ratio, the Integral 

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

be integrated over the entire offending source to yield the total scattered 

energy falling on the detector, while the denominator is evaluated over the 

angular subtense of the detector to yield the energy detected by the detector 

when the source is imaged directly on the detector 

ESRR 
J;SOURCE 

JJDETECTOR 

(1.5) 

where 
AP. 

AP 

Incremental stray radiation flux detected from each in- 
cremental area of the source that is not directly imaged 
onto the detector. 

Incremental flux detected from each incremental area of 
the source that la being directly imaged onto the detector. 

Evaluation of equation (1.4) yields 

ESRR(e,a) - // 5(9,^) d^ 
SOURCE 

(1.6) 

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 

the Extended Source Rejection Ratio is independent of the detector size being 

used, unlike the Point Source Rejection Ratio, which is dependent upon the 

detector size. 

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

unwanted extended source can thus be written in terms of the ESRR as 

: 

H(G,a)  = ESRR(e,a)   •   H (1.7) 
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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 is 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 

i 
' 

-■ 
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2.2.7 Wild Card Baffle Section 

2.2.8 View Factors 

2.2.9 Diffraction Sequences 

2. ?. 1 Coordinate Systems 

In an off-axis optical system, the program requires each sur- 

face to be specified in a coordinate system nacural to that surface.  The 

following 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 as the ref- 

erence X-Y plane since source angles are given in chis coordinate system. 

The Z 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 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 translation and 

a rotation (by the three angles ß, y, 6 called the Euler Angles of the 

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

Figure 2-1.) 

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 program is able to handle these by coordinate trans- 

formations within the program. 
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{Xy  X2,  and Y^ Are Intermediate Axes) 
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Figure   2-1.    Euler Angles 
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2.2.2    Sexttons 

'»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 m^ror 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 wnere 

both sections are standard baffled sections, and by the wild card baffle 

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. 

\ 

[ 

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- 

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. 

11 
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Figure 2-2.       Concave Mirror Sections 
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Figure  2-3.  Convex Mirror Sections 
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Figure     2-4 .    Aperture Shapee 
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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 ehe system.  Tubes may either be simple surfaces, or 

may he 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 described 

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 oi   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 sections 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 
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Figure  2-6.    End Sections 
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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 

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 

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 »rast be limited by an aperture describing the 

portion 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 obscuration in the form of a tube (with or without baffles). 

2.2.6.4 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 that is the actual mirror, while the other aperture must be in 

front of the minor 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 rystem features. For 

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

as described below, is provided. 

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 

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 implementation is sufficient to handle 

the examples given above, as well as many others. 
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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 number 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 an 1 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: 

D 

Inner Outer Back Forward 

0 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 

1 

2 

3 

Surface No, 

202 

103 

104 

Section 

2 

2 

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 

exception: 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. 
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Figure 2-7.      Wild Card Baffle Example - Tube with Strut 

] 
19 

uii-iifiiiiij^ten-.iwVii'ri'KttViiiifrttirrvtiiiTti tMtiu&t&i^Jii^üä^^ i^Wi,^1aiia«^£'^*a^Uia^
:toidi iiiiiiiii'iiiil^iii^iiiittliiiiiM^^ 



5W^WPpK3?p«!WW^M M^JJ.P^WiWWffliiiJ1* w-*mw>'*im\^w!«:wmm^±-i-^,<f\mmimß* wtymtym^. -Mmmmmm^ll-MM ^^vm*^*^ fim'f^w nmm^mnami 

PERKIN-ELMER Report No. 11615 

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 

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

2.2.8 View Factors 

The GUERAP-II progrsiTi calculates first-order diffuse stray radia- 

tion terms by computing arid marking 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. 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 said to see another ;ritical aperture if, and only if, a direct 

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

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. 
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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,  if there is an aperture that limits or 

partially obscures this view, it is also specified.  (If there is more than one 

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) 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. 

(2) 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. 

(3) 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. 

(4) 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. 
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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 au  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 le&ding to the 

detector). 

The aperture-to-aperture matrix is  set up  to show that the primary 

sees only the obscuring aperture,   the obscuring aperture sees  the primary and 

secondary,   the secondary scs 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 that the 

obscuring aperture is effectively removed.    Its only reason for being a critical 

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

does) act as an obscuring aperture between sections end other critical apertures, 

22 

.. 

L) 

;iU,>^£**i*i£UU 



^MI^^P»^^III^ii^JJiyj.^^  ¥i«^.^|MjW^ift!iwsi'|Bff>'^^ -.•':-^.'"-J!^^"-:rrr^"'r''rrrvi. JJ.iJltjpfff^ffigipiPHWWBpWBHff ■r-^--^-^ry: 

•MMKWMI 

in 

PERKIN-ELMER 
Report No.  11615 

■% ■ 

i   r 

u 

(03 F1 

0 (CO 

CJ 

i i-tr 
^ 

© 

INJ 

e 

6 
0) 
u 
m 
Ps 

CO 

C 
•H 
rt 

en M 
A) 60 
fc. <U 

3 CO 

v u 
a 01 
< tH 

a. 
rt ^ 
o W •~* 

+J 

u 
U 

0 
00 

1 
CM 

0) 
u 
3 

CO 60 
•H 

to 

§ 
•♦-> 
o 
a) 

0) 
U 
3 
t 

fe 

Ä <; 

O D 

23 

■■■■'■'■'■■    -   .■■-:^-  .-L.,.  aiMffliiaMa ^ iiiiiimiirutftM itiüfitiamii  i ■in 



PERKINHELMER Report No.   11615 

o 

Figure 2-9 gives the complete matrices. A "1" indicates that the 

view is possible, while an "-H" 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 

specifying the number of edges at each of Levels 1, and 2 and 3.  If the user 

specifits 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 chat 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 entrance 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 I = 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 also 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 

2^ 
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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. 

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, if 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. 

,   i 
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SECTION III 

DIFFERENIIAI. RAY TRACE 
■ 

3.1 IMTRGDUCTION 

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, fhere are several other requirements that are desirable to put on 

the ray trace routine selected, in order to enhance the accuracy and speed of 

thä 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 fill 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.). 

(1) Describe all rays that undergo the same sequence 

of reflections by a single ray and a ray weight 

measure. 

The differential ray trace method, as Implemented in the GUERAP II 

program, meets all 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 iteratlvely to achieve goals (c) and (d). 

28 
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3.2  DIFFERENTIAL RAY TRACE METHOD 

3.2.1  Setting Up differential 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 

3 = (x,y,z,c,d,e) 
(3-1) 

where 

k = single ray 

x,y,z = spatial location of ray 

c,d,e ■ direction cosines of ray 

The ray differential can be denoted by 

dlt = (Ax.Ay.Az.Ac.Ad.Ae) 
(3-2) 

If we denote a nearby ray as R , then we may write the nearby ray 

as a linear combination of the central ray R and differentials as follows: 

itn = it + d^ 
(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; 

dl (1.0,0,0,0,0) 

d^2 =  (0,1,0,0,0,0) 

(3-3a) 

(3-3b) 

29 

. -— -■   -   -..^-^ijf^-..,.—^  —  

i 



FTi'ü ".■'*■■'—■■"' ■'   '"     ' fjp fflPK^POBIWBWSWWWWIIIJiPl mm Ig!,.   ljp>»PW.,W1I.U'-.1 J-'l.-,,.,1 gl.flM'WMff.JU.^l^WM'WIlWiflHiWMIN''.'-  —i 

PCRKIN-ELMER Report No.  11615 

. 

di3    -    (0,0,0,c3,d3>e3) 

dÄ4    -    (0,0,0,c4,d4fe4) 

(3-3c) 

(3-3d) 

where 

c*c3 + d*d3 + e*e    - 0 

c*c.  + d*d, + e*e.   - 0 4 4 4 

and (c3,d3,e3) and  (c4,d  ,e4)  are Independent.    Then Eq.   (3-3) 

can always be written 

t   - t + a *dl + a,*dt- + a *dÄ0 + a *dl 
n 11223344 (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.) 

dt   - Ax*dl 

dt~- -Ax*d1[ 

d^2
+- Ay*dl2 

d^"- -Ay*dl2 

(3-4a) 

(3-4b) 

(3-4c) 

(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 it, through the system. 

(See b. Figure 3-1.) 

3.2.1.2 Angle Differentials 

If AX - AY - 0, then all nearby raya will intersect the original 

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

30 
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Figure 3-1. Spatial Differentials 
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.c 

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

a-d: 

«3^ 
- Aa*dR 

3 
(3- -5a) 

d; - -Aa*dR (3- -5b) 

< 4 
(3- ■5c) 

AR4- - -Aß*dl 
4 

(3- ■5d) 

The use of angle differentials will be described in later sections 

3.2 2 Propagation o f 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. 

£' - £ .?_ - (x1, y', z', c', d', e') (3-6) 

where F^ - propagation matrix for the ray. Similarly, we can denote a ray 

differential that has propagated a distance z as 

d?' - d^ .Pd - (Ax*. Ay', Az', Ac', Ad', Ae') 

where Pd - propagation matrix for the differentials. 

Thus, we may write a nearby ray 5' that has propagated in terms 

of the propagated central ray and differentials as 

ar P  + d^8,   (1 - 1,2)  (s - +,-) (3-7) 
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3.2.3 Reduction of Differentials At Intersections With Edges 

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 

the edge.  Thus, for this case, the edge cuts through the propagating 

entrance aperture differential such that the new differential area con- 

taining the central ray does not get reduced by the edge.  (See Figure 3-2.) 

Then, a coefficient A for each individual differential will be computed 

such that the original differential times the coefficient A, equals the new 

differential.  Then the ray trace will continue using the original differen- 

tials, with the coefficients carried along as a descriptor of the area re- 

duction that occurred at the edge. 

3.3  ITERATIVE DIFFERENTIAL RAY TRACE 

3.3.1 Method 

In the previous section, it was shown that it is possible to 

trace a single ray from four differentials through the system, and, in 

effect, trace a small area of the entrance aperture as it propagates 

through the system. 

: 

: r 
*. 

i 

i 

~ 

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- 

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 propatates 

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

I 33 
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Coefficients 
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a2 = 0. 6 

a3 = 1. 0 

a4 
= 0. 8 

b. Reduced Differential as Described by Coefficient! 

Figure 3-2. Differentials 
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sequence of reflections, then the threshold is never triggered and the compu- 

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- 

plexity is high, then the sequence of triggering the threshold and starting 

over with smaller differentials may be repeated (iterated) a number of times, 

resulting in an effective ray density which is locally very high. 

Figure 3-3 illustrates the iterative differential ray trace method 

used to achieve the selective ray density goal of the program. 

3,3.2  Use of Iterative Differential Ray Trace in Stray Radiation Calculation 

The use of the iterative ray race in making actual stray radiation 

calculations is shown in Figure 3-4, and . sted below. 

(1) Specify the permitted maximum number of Iterations, the 

area reduction threshold, alnd the energy density thresh- 

old.  (The energy density threshold 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 

c-ensltivity 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 scattered light terms arising from 

that surface (diffuse, etc.), write the scattered light 

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) four new 

35 
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differential at each 
baffle plane; if any 
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reduced, then that 
one is iterated; 
the others continue 

; 

Figure 3-3.  Iterative Differential Ray Trace 
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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 Number 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 is best expressed by the following equation: 

UP, • R. , » H.  « H.. 
•*k   k+1   fp     Um •  (3-8) 

where        ^f  = flux in propagating differential area (equal to flux 

density resulting from k specular reflections times 

area of differential) 

R. . = minimum assumed attenuation due to a scatter transfer 

from surface k+1 to detector (R is a ratio of flux 

densities) 

H-  « assumed focal plane flux density due to scattering at 

k+1 surface of incident differential 

H-  = 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 compute the energy density 

threshold as follows. First, let 

^-*\-\ (3-9) 

■• 

where ^A = area of differential 

H.  = flux density of differential 
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^Sc - «k " Rk+1 <<H lim 
Since 

where 

^ « A 
k    ea 

(3-10) 

(3-11) 

A  = area of entrance aperture 

Then we may write (3»-10) as follows: 

A  . H. . R, . = H,, 
ea   k  k+1   lim 

(3-12) 

Solving for H yields the ray energy density threshold (equal 

to the ray energy density which satisfies the inequality of equation(3-10) 

H, 

\ 
=  H 11m 

energy 
density 
threshold 

A  • R. , 
ea   k+1 

(3-13) 

The values of the limiting flux density H   can be computed 

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,  Illustrates the differentials that fill the entrance 

aperture for a source on-axis for a system in which no subsequent aperture 

reduces the effective aperture dismeter. Figure 3-5, view b. Illustrates the 

resultant differentials for the same system, for the case in which a Lyot stop 

has been inserted whose effective diameter is 607. of the diameter of the entrance 

aperture. Thus, the differentials propagating from the entrance aperture toward 

the focal plane have encountered an edge, and ;he 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 = 607. 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 ca»e 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 807.. 

■ 
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SECTION IV 

STRAY RADIATION CALCULATIONS 

4.1 INTPODUCTION 

In this section, the methods for performing the stray radiation 

calcv lations will be described in some detail. First, however, a few words 

need to be set forth abou.1: 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 ehe 

capabilities of systems exhibiting very high off-axis rejection, tbup it is 

of first importance to design a program that hss no inherent performance 

(sensitivity) limitations. The method selected was to use detemlnistic 

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 a 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 «•ctions that follow, Mch of thca« atthods 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 

I *  1. 

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 specular co«T,ponent 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 (UVF),; and 

that the propagation of the specular component can be handled by a ray trace 

routine capable of handling specular paths off all the surfaces in the system, 

including mirrors and baffles. 

- 

D 

4.2.2 LEVEL 1 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 

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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DETECTOR 

LEVEL » 1 

" 

. 

VF REQMTS: VF REQMTS: 

£l 

NONE CRITICAL BAFFLES 

I 
ILLU^ÜNATED BAFFLES 

Figure 4-1.    View Factor Requirements  for Various Levels 
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1. 

. 

. 

: 

: 

(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 "view factor matrix". 

4.2.3 Simplification of the View Factor Matrices 

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

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

the view factor matrix would require on the order of N 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 

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 

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 

can possibly see each other. This avoids the necessity of 

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. 
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. I 

4,2.4 Critical Matrix Pre-Proceaalng 

To determine the critical edges and surfaces, the GUERAF 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 th.it the angle differentials intersect will be denoted 

and saved as the critical are/«s. 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 area will be broken 

down into a number of smaller areas. Each of the components of the critical 

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 of the program is that it be able to 

find paths of Vllnes 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 FTP (point to point), which searches for and examines all possible 

mirror sequences fro« one specified system element to another. 

: 

I 

To aid in the Identification of all poasible 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 

aperture 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 »n 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 rhree 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 program 

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 is 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.  If the differential does not lie 

within this region, then the ray trace continues to the 

next surface.  If the central ray does lie within the region, 

then 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 detector subtense to compute 
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the fraction of the energy In the incident differential 

that ia detected by the detector. This calculation is 

described by equation (4.1) below. 

Fdet " Fdiff * BRDF <edet' V * ndet «^ 

where F.   - flux incident on detector 

Thus it can be seen that the use of "extended" critical matrix 

entries eliminates the requirements for any further ray tracing beyond the ray 

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 Caloulatlona 

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 differential 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. 

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 

terms would be insignificant. If that condition exists, the program will termi- 

nate, thus avoiding the unnrcessary LEVEL 2 computations. However, if the test 

indicates that the LEVEL 2 terms could be significant, the program will then 

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 tc 

the Illuminated baffles. Since the set of view factors involving the critical 
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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 also 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 system. This point is explained further below. 

4.2.9 Calculation of the LEVEL 2 Diffuse Terms 

The computation of the LEVEL 2 terms is 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 

v.-'.siblt; to the detector) be 

(2) Let the view factor matrix (baffle 3 can see baffle 

4) be 

"0 0 0 0" 
0 0 0 0 
0 0 0 1 
0 0 10 

(4.2) 

(4.3) 

(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 - [0 0 1 0] (4.4) 

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

radiation 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.V-C -[0010]. 

0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 10 

> 0 (4.5) 

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. 

Fdet " 
Fdiff ' BRDFis(9cs' V il cs BRDFCS(eDET' 5*CS) ' n  at (4'6) 

where 

i 

det 

F 
diff 

BRDF 
IS 

BRDF 
CS 

CS 

det 

CS 

CS 

det 

flux incident on detector 

flux in differential incident on surface 

BRDF function for illuminated surface 

BRDF function for critical surface 

angle from illuminated surface to critical surface (con- 

tained in VFM) 

angle of incidence of differential ray 

angle from critical surface to detector (contained in CM) 

angle from illuminated surface to critical surface (con- 

tained in VFM) 

solid angle of critical surface from illuminated surface 

(computed from distance contained in VFM) 

solid 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 la that the total number of computational operations becomes quite 

large; it is of prime Importance that the program be as efficient as possible 
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to keep the running time down to a reasonable nlnlmum. To thla end, the GUERÄP II 

diffuse calculations contain several features designed to increase efficiency, 

as follows: 

(a) View factors are computed ouly 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. 

5* 

i 

. ; 

. 

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 la compared to both 

a user specified systen1 accuracy limit, and the current running total of the 

stray light. The checkltig of each term before its computation will accomplish 

two goals, as follows: 

r 

' .\ 

.. 

(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 «nd more stray light 

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. r: 

r 
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Figure 4-2. GUERAP II - Basic Flow Diagram 
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A. 3 DIFFRACTION CALCULATIONS 

4.3.1 Introduction 

Conventional 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 phenomenon would be one in which diffraction is described as a 

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

i 

: 

Such a characterization of diffraction has been developed at Ferkln- 
m (2) 

Elmer, by extending the work of Kellerv,  Miyamoto and Wolf,  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 in terms of parameters that are 

easily derived from the use of the ray trace routine. 

The characterization of diffraction his 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 in- 

tensity of the diffracted rays in terms of the propagation of a ray that is 

generally 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 lar^e 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 

gives 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 formf } 

U (S) = Ug (S) + U^ (S) (4.7) 

where U (S) is the field in the brigh'; region as determined by conventional geo- 
g 

metric ray trajectories from the incident field through the aperture. U. (S) is 

the boundary edge diffracted contribution. This term is included in both the 

shadow and the directly illuminated region. 

The edge diffracted component is given by Miyamoto and Wolf (2) 

e*pIik(S+P )] 
ub (s) " ^1 / A W r-iL- 

j xj? 

1 + PJ 
dÄ (4.8) 

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

the field strength along the edge of the »perture, k is the wave number, kP is 
o 

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 (^). s is a vector from 

the edge of the aperture to the point S, p points back toward the source, and 

I is a  unit vector tangent to the edge. 

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

boundary. The point I moves around the boundary as the integral la evaluated 

around the aperture as indicated by Equation (4.8). 

Equations (4.7)and (4.8) give the field amplitude, normalized so 

that the irradiance (flux per unit area or watts per square meter) at the point 

S in a plane nominally normal to the Incident rays is 

-2 
I (S) = |U (S)| W-m" (4.9) 
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and likewise the incident irradiance along the edge Is 

1^ - |A (Ä)|2 W-m"2 (4.10) 

For the basic assumptions made, the field given by Equations (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) is 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 geometrl. 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 I for 

which 

3(S+P ) 
 o_ = o (4.10) 

In terms of unit vectors,  this is identical to 

(S + p)  •  £    =0 (4.11) 

Using this method of solution. Equation (4.8) is approximated so 

that Equation (4.10) is given by 

I (S) - B 
s|i+I 

S7 ^n W-» 
-2 

(4.12) 

Where I (S) is the irradiance at a point S due to the incident illumination 

irradiance I. at the point I    on the aperture edge, where 

2 
B * x; • s 

4TT   Jl X p  (1 + p S) 
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defines the angular variation of the diffracted flux density as a function of 

known unit vectors, and 

i-i.i ^ • (P + s) (4.14) 
R  P  P  iff  -|2 

|Ä x p| 

.'afines the distance R. P is the radius of curvature of the incident wavefront 

along Ä. 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 from the diffraction point 

^n 0n ttie ed8e throu8l1 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 

plane of n and s. The other focus is located a distance R behind the edge along 

s in the plane of i  and s. It is interesting to note ihat 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 

represent optical fields in general.  This allows us confidently to call this a 

"ray theory of diffraction" and to consider equation (4.12) as the equation of a 

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 is a unit vector 

in the negative direction of the Incident ray to a point on the edge; s is the 

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 

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

lies on tha 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. 
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Figure a-3.    Condition for Dlffractl on 
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4.3.3 Implementation of Diffraction Theory in GUEBAP 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 illustrates, 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 I1 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 shape.  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, illustrates the distance between the hyperbola 

and the detector marked A in viev 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. 

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. 

61 

 ■mini""""' 



I I "'111 I'1"-"'111 w^mm 

PERKir«ELMER Raport No.   11615 

LI 

INCroENT RAY IN 
x-z PLANE 

■ 

• . 

. 

Figur« *-4. Diffraction at an Optical lyaton Apartura 

62 

x 

INCIDENT RAY IN 
xt PUN« 

: 

...v^..^ ,,,..... -.._...■. _..-..^„ .■■.■.,.,.■.■   _ __ ,       . 1.._,,,..^..■.,.,-,.■^^^■JMJWMai|jn||tajjj||y*i^^ 



"■"WWUBPUIMUI     .11 III Jl Jim .VUBUIJl 

p 
I 
:: 

10 

.. 

. 

I 

Distance 

from 

Hyperbola 

to 

Detector 

i     . 

Position of 
Diffracting 
Point 

Figure 4-5. Diffraction Hyperbolae In Focal Plane for 
Simple Circular Aperture 

63 

—---.-.j '- .~~..*  ., ■ n||T||r|f|M^hlld^1r"'J^•^t'^',— ^ ••"• ■  - mi^mltMimimäimtmM J 



S«WIII«IJIIIU WWWWW 
wtimmßtm 

PCRKirSHELMCR 
Report No. 11615 

4.3.4 Dtf raination of Detection Condition 

If one takee a «nail nuaber of point! around the entrance aperture 

and examinee each or the resulting hyperbolae to see whether that hyperbola 

passes through the detector, it is unlikely that the hyperbola will pass directly 

through the detector. However, if the distance of the detector for each point 

in the entrance aperture is compered to the distance resulting from the previous 

point in the entrance aperture, then the detection condition will be flagged 

when the distance for 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 considerations 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- 

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. 

4.3.5 Multiple Diffraction 

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 sero or two places (if the sub- 

sequent aperture is a closed convex figure, such as a circle), giving rise to 

tero or two hyperbolas at the next plane of interest, such as the Lyot stop 

plane. If that next plane contains another 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 p]ane).  Thus, one point in the entrance aperture results in a total of 

zero, 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 is that it is 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 foci 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. 

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 u«e 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 

Perkln-Elmer and subsequently tested for Its off-axis rejection capabilities. 

4.3.7 Illustrative Example of Diffraction Analysis; 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-axls.  The BRDF is 

BRDF 
9  2Tr3 c^3 

sr-1 for 4 + 0 (4.15) 

at small angles. The wavelength is X, 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-axls 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, 

i 

: 
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Figure 4-6.  Irlple Diffraction thr 
ough a Re-imaging Telescope 
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where 

BRI)FT "    3 7    2 2 3 

F(u) 1 
2 

F(c/a)   •  F(ß/^) 

1        +-1. 
(1-u)2      d+u)2 

(4.16) 

end X ■ wavelength 

a - radius of entrance aperture Image at Lyot stop plane 

c - Lyot stop radius 

B - field stop radius (radians) 

4 " source 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 

1: 

BIU)F„ BRDF, 3 4 2 2 2V3 a 
c 

4 > 0 (4.17) 

The relationship shown In equation (4.1'') 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 expression for single diffraction must be used, 

since single diffraction can reach the focal plane. 

(b) If the source angular position is somewhat greater than 

the field stop, then the expression yields BRDF values 
(o" 

that are in the transition region governed by the F 

term.  In this region, the BRDF departs from the 
_3 

4      law that holds for the other two regions. 

In the third region, the F 4 Lrsnsltion term goes to its 

asymptotic value of unity, and the BRDF can be written as 

a function of the F ^ term, which is a function of the 

c/a ratio of the system, as follows: 

(c) 

x 
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4.3.7.2 BRDF for Triple Diffraction - Detector Off-Axis 

For the on-axis case, the analysis of th« 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 «Impliflcatlone 

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 

Included here. 

Figure 4-8 illustrates a test case involving an off-axis detector 

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 separaticii between the source and the 

detector. 

The test system parameters are as follows: 

Entrance aperture ■ 10.0 cm diameter 

Field Stop      - 5.0° radius 

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 II Triple Diffraction Analysis 
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SECTION V 

PRXRAM EXECUTION 

I . 

5.1  INTRODUCTION 

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) ciritieal 

areas. Then, the entrance aperture is filled with rays and any critical areas 

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

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

critical areas are marked.  These Level 2 areas give 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, WtTABLE, the minor program, writes specular and diffuse BKDF 

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 terms. 

: 

: 
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The normal procedure for doing an analysis is to generate the 

specular and diffuse reflectivity tables. Then a Level 1 critical analysis is 

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

terms are computed next^ which also causes the illuminated surfaces to he 

marked. Now, the critical program can be run again to compute the Level 2 

view factor terms, after which the diffuse program can calculate the Level 2 

diffuse terms. At any point after the Level 1 critical surfaces have been 

determined, a complete diffraction analysis, including pure single, double, 

and triple diffraction as well as diffract-mirror diffuse terms, can be ac- 

complished. 

Figure 5-1 is a block diagram which illustrates the above procedure. 

Breaking up the analysis into four separate programs provides several 

advantages when running the program.  Input errors, or possibly even design er- 

rors, may show up as early as the Level 1 critical analysis stage.  Errors can 

be corrected at this stage (and subsequent stages) instead of running through 

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, 

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. 

-■ 

5.2 SUGGESTED PROGRAM EXECUTION PROCEDURE 

Details concerning the running of each program are provided in 

the ijllowing paragraphs. 

5.2.]  Generating Reflectivity Tables 

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 associated BRDF 
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values.  The program «SBumes « «tep-limct I cm wltli thu coiiHt/mt vulin> holding 

between the previous angle and the nngle given. 

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 GUERAP programs. 

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

5.2.2 Generating Critical and View Factor Tahlea 

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, 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 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- 

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

how the imaging rays get through the system.  The set of critical apertures 

must  nclude the limiting aperture for each mirror in the system.  In addition, 

eöc aptrture 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, 

ii 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.). 
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f u 
The next step is to construct the aperture-to-aperture matrix. 

This matrix describes which critical apertures see which other critical aper- 

tures. A critical aperture is said 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 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.  If there is an aperture that limits or par- 

tially obscures this view, it is also specified.  (If there is more than one 

such aperture, 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.) 

: 

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

critical aperture seen from section A. This critical 

aperture is placed firdt 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 is added to the list. 

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

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 1° 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. 
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(d) Otherwise the last aperture on the sequence is deleted. 

If there still is an aperture in the sequence, step (c) 

is repeated.  Otherwise step (a) is 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 is specified. This matrix describes which sections can directly 

see which other sections (limiting or obscuring .'ipertures 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 system, 

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 Ltvel 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 I) 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 tfd surfaces, thus saving computer time and storage. This can be done 

because only illuminated Level 2 surfaces can give rise to double diffuse terms. 

For the Level 2 case, the previous critical and illumination tables are read in 

on FORTRAN unit 11 and new tables are output on FORTRAN unit 12.     Data input 

details are given in 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 I and 2. 

b.2.3 Computing Diffuse Terms 

Once the critical and view factor tables of the appropriate level 

have been computed, the calculation 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 illumination 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 details 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 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 

•^dge and its destination (the detector plane for a Level 1 edge, or a Level 

n-I edge for a Level n edge), the section number of the edge if it is illumi- 

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 os in the critical aperture sequences.  Note that 

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

edge Tirl 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 special diffraction input data described above.  Note uiat this 

data is read in on FORTRAN unit 3. 

7>< 
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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. Tho selection 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 is shown in Section 

11 of Appendices I and II. 

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 Is used primarily 

tor 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 operation of the program 

and the parameters needed by it. An example of the optical form report for the 

Baffle II system is given In Figure 5-1. 

The following is an explanation of the various parts of this report. 

Cross referencing is . 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). 

80 



wmmm 
'''. I! uiM" ' M     ,.1. ' 

WLUiM-J., ,---'—:• 

ir. 

: 

PERKIN-ELMER 
Report No. 11615 

5.3.2.2 Sections 

The first parameter given for each section is 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; 100-1.99 represents an end section, 

200-299 represents a concave mirror, and 300-399 represents a convex mirror. 

The values for Zl 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 

0.0 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 Zl 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 is described here.  The column labeled section refers 

to the section in which the mirror is 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 tho 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 axis Is the number of the coordinate 

syrten which serves as the axis of the mirror. The mirror dimensions are the 

radii of curvature of the mirrors. 

5.3.2.  .vpertures 

The aperture data given are the numbers of the two sections which 

this aperture separates;  next is 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-coordlnaue in the system 

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

along the X and Y axes. 

HI 
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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 Zl and Z2 give the Z-coordinates of the 

centers of the tube at its extreme ends.  The coordinate system to which all 

measurements 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 is 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 

edge.s.  This follows the key to the shapes which has already been given in the 

previous paragraphs; Zl and Z2 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 is involved in describing the baffles, a fdrther 

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. 

5.3.3 Final Report 

5.3.3.1 Unwanted Energy Summary 

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

tor each source and detector specified in the input data.  Values are given 
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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 is 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 is a table of the critical apertures and the numbers of the mirrors 

associated with these apertures to identify which critical apertures correspond 

to which of the actual system apertures. 

5.3.5 Incoming Ray and Detector Plane Report 

The report, generated by subroutine ORAYS, gives a sumnary of the 

source data and detector data that were input. The source is identified as 

one of the eight 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 

entrance 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 raya. 
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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 

value? on thfi 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 area, and the X and Y 

*' 
These are actually Level 1 critical surfaces. Level 2 critical Burfac«« ^re 
those that sec Level 1 surfaces. 

** 
If the critical surface cannot see the mirror directly or specularly off mirrors, 

i.e., it is a Level 2 or higher critical surface, the solid angle is weighted by 
the solid angle to the critical area seen, times the BRDF of the diffuse interaction 
at that intermediate surface. 

8^ 

»IHlil'ililiir 1 inn 



I 
PERKIN-ELMER 

Report No. 11615 

" coordinates of three points in the critical area to .arR the places of the 

area. Similarly baffles which are critical are identified with the nu.ber 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 is 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 point 

. 

I. 

 r in  in 
the critical area. 

Lastly the sizes of the critical tables and the execution time 

for this run are given. 
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SECTION VI 

DATA ENTRY 

b.l  INPUT DATA SUMMARY 

In this section, the detailed input data format is called out for 

all of the data that is 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 in{.ut 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 

Diffuse analysis 

Diffract mode 

BRDF Table Generation 

Input data required 

1.0 Run data 

2.0 Optical form data 

3.0 Materials data 

4.0 Hand calculated view factors 

6.0 Computation level 

7.0 Redefined baffle data (optional) 

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) 

8.0 BRDF Table Generation 

86 
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1.0  RUN DATA 

J.l  INPUT/OUTPUT 
CONTKOL 

1.2 SOURCE DATA 

1.3 DETECTOR DATA 

TABLE  6-1.     GUERAP INPUT DATA 

1. 1.1   Input Unit No..  Output Mod«» 

1. 1.2    System Title 

1.1. 3    Run Typ« and Daslrad 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 Differ- 
ential Iterations,   Aiea Threshold 

1. 3. 1    Number of Detectors,  and Detector 
Plane Axis 

1. 3. 2    Position of Detector Plane 

1.3.3    Position of Each Detector 

1. 3. 4    Subdivision of Detector Plane 
for Specular Irradlance Analysis 

1. 3. S    Detector Area,   and System EFL 

. 

2.0   OPTICAL FORM DATA 

2.1   COORDINATE SYSTEMS 

2.'.   MIRRORS 

1 

2.3 APERTURES 

2.4   TUBES 

.. 

2. 

2 

2 

2 

2 

2 

2 

2 

2.2.2. 

Number of Coordinate Systems 

For Each Coordinate System, Enter: 

1 Reference Axis Number of Reference 
Coordinate System 

2 XYZ Coordinate of Origin 

3 Euler Angles tor Axis of New Co- 
ordinate System 

Number of Mirrors 

For Each Mirror,   Entert 

1 Number of Coorduute System that 
Defines Axis and Mat which Defines 
Center 

2 Mlrroi   Type and Center of Curvature 
Coordinates 

6.2.1 

6.3.2 

6.2.3 

6.3.4 

6.2.5 

6.2.6 

6.2.7 

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 Defining Axis 
and/or Center 

2.3.2.4 XYZ Coordinates of Center 

2.3.2.9   Aperture Radii Data 

2. 3. 2. 6   BRDF Type and Scale Factor 

2.4.1    Number of Tubes 

3.4.3    For Each Tube,   Enter 

3. 4. 2.1   Tube Type (Circular,  etc. .. ) 

2. 4. 2, 2   Number and Type of Baffles Contained 

3. 4. 2. 3   Coordinate Systems Defining Axial and/ 
or Center 

2. 4. 2. 4   XYZ Coordinates of Tube Center 

3.4.3.5 Tube Radii Data   Tub« Angle Data 

3. 4. 3. 6   BHDI   Type and Seal« Factor 

6.2.8 

6.3.9 
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TABLE 6-1.    GUERAP INPUT DATA  (Continued) 

2.6  STANUAIU) IIAKKLE 
DATA 

2.6 SECTIONS 

2. 7 WILD CARD BAFFLES 

3.0   MATERIALS DATA 

3.1 MIRROR BRDF DATA 

3.2 BAFFLE BRDF DATA 

4. 0   HAND CALCUI/.T^H VIEW 
FACTOR MATRICES 

4.1 CRITICAL AraRTURES 

4.2  MATRICES 

2.6.1    Number of Mumliiril lUfHaa «. 1. 0. 1 

2. 6. 2    For oucli Stnmlurd llnRIs, «ntar: 

2.5.2.1 Typo of liuffle 

2. 6. 2. 2   Z Coonlinat« uf Internectlon with 
Iniftglnaiy  Tube 

2.6.2.3   Slopes or K:ich Uam« 

2. 5. 2. 4   Number of  I'ube Containing Baffle - 
Numbers of Upper and Lower Apertures 

2.6.1 Number of Sections 6.2.10 

2.6.2 For each Section, enter: 

2. 6. 2. 1 Type of Section (Standard Baffle, etc... ) 

2. 6. 2. 2 Number of Tube containing Section 

2. 6. 2. 3 Upper ami Lower Aperture Numbers 

2. 6. 2.4 Holes and Wild Card Baffles 

2.7.1    Number of Wild Cards 6.3.11 

2. 7. 2   For each Wild Card, enter: 

2. 7. 2.1   Section Number and Wild Card Baffle 
Numbers 

2.7.2.2 Z Axis Position and Baffle Type 

3.1.1 Number of BRDF Types 

3.1. 2 For each type enter BRDF Data 

3.2:i Number of BRDF Types 

3. 2. 2 For each type enter dRDF Data 

4. 1. 1    Number of Critical Apertures 

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   Number of Mirror that Aperture 
defines 

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 

6.2.12 

6.3.13 

D 

6. 0   DIFFRACTION DATA 

6.1 GENERAL 

6.2 CRITICAL EDGES 

6.1.1   Wavelength 

6. 1. 2   Number of points around edges 

6. 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 

6. 3.1   Number of Aperture* In sequence to 
neat edge or detector 

6.3.8  Aperture Number and, IX applicable, 
Mirror Number 
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TABLE 6-1. GUERAP INPUT DATA (Continued) 

0 

— 

n i. 

r 

D 
i: 

(.0  COMPUTATION LEVEL 

1.1  LIMITS 

6.3 CRITICAL TAULES 

7.0   REDEFINED BAFFLE 
SYSTEM DESIGN DATA 

7.1 SUMMARY 

7.2 MIRRORS 

7.3 APERTURES 

7.4   TUBES 

7.5   STANDARD BAFFLE 
DATA 

7. 6 WILD CARD BAFFLES 

7.7 SECTIONS 

1.0  GENERATE DRDF TABLES 

0. 1.1 Minimum Strny Light l«v«l 

6.1, 2 Maximum Strny Light Laval 

6. 2.1 Railora Pravloui Critical Tablaa? 

6. 2. 3 Save New Critical Tablaa? 

1.1    List of redefined Options wanted 

2.1 Number of Mirrors to be redefined 

2.2 For each Mirror,   give: 

2.2.1 Mirror Number 

2.2.2 Mirror Type and Dlmanalons 

2. 2. 3  RRDF Type and Scale Factor 

3.1 Number of Apertures to be redefined 

3.2 For each Aperture, give: 

3.2.1 Aperture Number and Section Numbers 

3.2.2 Aperture Type and Dimensions 

4.1 Number of Tubes to be redefined 

4.2 For each Tube,  give: 

4. 3.1   Tube Number 

4.2.2   Tube Type and Dimensions 

4.3. 3  BRDF Type and Scale Factor 

5.1   Number of Standard Baffle to be rede- 
fined 

ft. 2   For each Standard Baffle, give: 

6.2.1   Standard BafHe Number and Tube 
Number 

0.3.3   Type of Standard Baffle 

5. 2. 3   BRDF Type and Scale Factor 

6.1   Number of W lid Cord Baffles to be 
redefined 

6.3 For each Wild Card Baffle, give; 

6.3.1 Number of Wildcard Baffle and 
Section Number 

6.3.2 Type of Wild Card Baffle 

a. 2. 3   BRDF Type and Scale Factor 

7.1   Number of Sections to >e redefined 

7. 2   For each Section, give: 

. 7.2.1  Number of Section and Tube Number 

,7.3.3  Typ« of Section 

1.2.17 
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PERKIN-EL-MER 

6.2     INPUT DATA FORMAT 

6.2.1    Output Options 

Report No.   11615 

NOTE 

Card i 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 
r 

(1)  KIN = FORTRAN input unit number. 

(2)  MODE = 0 No ray trace diagnostic printout. 

■ 1 Ray trace printout for trial and actual 
intersections. 

-  -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. 

■ \_ Detector plane report. 

NOTE 

Normal practice is to set MODIPR = 0 for the first run, to en- 

sure that the input data has been entered as desired. Subse- 

quently a value of MODIPR = -1 would be used. A value of MODIPR 

■ 1 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 wich other 

input parameters 

Details of these reports are given in section 3.2. 
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PERKIN-ELMER 

6.2.2 Syatem Title 

Card 1 

(1)  ITITLE   ■ System name 

6.2.3 User Options 

Card  1 

Report No.   11615 

Format ■  104A 

Format ■ 616 

/oT IDIFFR   » 0 Do not perform baffle diffraction calculations 

= 1 Perform baffle diffraction calculations. 

(2) IBSPEC   = 0 Do not perform baffle specular calculations. 

= 1 Perform baffle specular calculations. 

(3) IBDIFF   = 0 Do not perform baffle diffuse calculations. 

= 1 Perform baffle diffuse calculations. 

(4) IMSPEC   = 0 Do not perform mirror specular calculations. 

= 1 Perform mirror specular calculations. 

(5) IMDIFF   = 0 Do not perform mirror diffuse calculations. 

= 1 Perform mirror diffuse calculations. 

(6) IOPTN    = 1 Printout the scattered light subset report. 

= 2 Printout spacular irradiance matrix. 

= 3 Printout both scattered light subset and 
specular irradiance reports. 

NOTE 

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

report he desires. A value of IOPTN = 1 is normal. These reports 

are described in section 5.2.3. 

6.2.4 Source Data 

The angular position of a source (and thus the direction(8) 

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

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

position of the center of the entrance aperture as seen from the source. 

1 
91 

 ■— -..-. - ■ »--' ■- 



...ipmnm .11 im I><IIII™I »■- mmmmw , ^^,lv^*~mv?*vr™rnvrW,'im!> 

PERKIN-ELMER Report No. 11615 

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 v., 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    = 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 distance, 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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Figure 6-1.  Angular Cartesian Coordinates 
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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 (RMir, RMAX, THETA1, THETA2, N, NN) or 

(XST, XFIN, YST, YF1N, N, NN) define the portion of the aperture 

to be filled with rays from each source; ALPHAI, ALPHA2, BETA1, 

BETA2, NNN; NNNN define the number and angular positions of each 

of the sources; the total number of sources is found as*: 

N sources = NNN * NNNN 

6.2.4.1 Concentric 

Card 2 

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

Format = 8F10.5 

/ (1) KM1N = Radius of innermost concentric circle of rays 
in entrance aperture. 

(2) RMAX = Radius cf outermost concentric circle. 

(3) THETA1 ■ 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) ALPHA1 = Initial value of source position angle ALPHA, 
in degrees, 

(6) ALPHA2 = Final value of ALPHA, in degrees. 

(7) BETA1 =; Initial value of the source position angle BETA, 
in degrees 

*  
(8) BETA 2 = Final value of the angle BETA, in degrees. 

Card 3 Format = . 416 

/(D 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 ALPHA1 =0., then: 

Nsources =. (NNN-1) * NNNN + 1 
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Figure 6-3. Concentric Circles 
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Card 4 (This card for the case INMOD = 3 only)  Format = 8F10.5 

(1) TDIST    = Distance from the source to the entrance aper- 
ture. 

Card 5 

(I) 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. 

c ard 2 Format = 8F10.5 

/<!) XST = Initial value of X on grid (see drawing). 

(2) XI IN = Final value of X on grid. 

(3) YST = Initial va
1ue of Y on grid. 

(4) YFIN = Final value of Y on grid. 

(5) ALPHA1 = Initial value of the angle ALPHA, in degrees. 

(6) ALPHA2 = Final value of the angle ALPHA, in degrees. 

(7) BETA1 = Initial value of the angle BETA, in degrees. 

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

Card 3 Format i = 416 

/a) N = Number of X positions. 

(2) NN a 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 = FIG.5 

(1) TDIST    = 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 

Report No. 11615 

Format = 16 

(1)    MAXLEV        = Maximum number of differential  iterations  to 
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 
aperture area;   typical value = 0.80).     This 
value  is  significant only  if MAXLEV > 1. 

6.2.5    Detector and Focal Plane Data 

6.2.5.1      Detector Location Data 

Card 1 Format = 3F10.5 

/ (1) XDET = X coordinate 
plane. 

of the center of the detector 

(2) YDET = Y coordinate 
plane. 

of the center of the detector 

(3) ZDET = Z coordinate 
plane. 

of the center of the detector 

Card 2 Format a  216 

(1) NDET = Number of detectors  (nwcimum 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 = 2F10.5 

/ (1) DETPOS(l) 

(2) DETP0S(2) 

= X coordinate of center of detector within 
detector plane. 

■ 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 

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

Card 2 Format = F10.5 

/(I) 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        = The area of a detector. 

(2) EFL = Effective focal  length of the optical system. 

6.2.6    Coordinate Systems 

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 Z 

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 tley 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,   ß,   Y,   Ö 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 
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i 

I 1 

following set of rotations performed in the order given:  first rotate about 

the Z axis through the angle ß; next rotate about the new Y axis through the 

angle Y; finally rotate about the new Z axis through the angle 6. Note that 

the first two rotations serve to bring the Z axis into position, and the final 

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

I   r 
( 

The problem is greatly simplified if all rotations lie in the 

reference X-Z plane. Then ß is 0° or 180°, depending on whether the rotation 

is toward the positive or negative X axii (note the X and Y axes are reversed 

for ß m  180°), Y is then the angle of rotation in the X-Z plane, and Ö is 0°. 

Card 1 Format = 16 

C (1)  NAXES m    Number of coordinate systems (maximum of 20). 

NOTE 

Cards 2-4 below should be repeated for each coordinate system 

except the first coordinate system; the first coordinate system 

has an assumed reference axis number of one (IAX1S a 1), and an 

assumed origin of O.^O^O.). Thus, there should be (NAXES * 1) 

sets of cards 2 through 4.* 

Card 2 

/ (1)  IAXIS 

Format = 16 

Reference axis number (the number of the co- 
ordinate system from which this system is 
derived). 

I 

Q 

"These sets of cards must be in order; the reference axis number for each 
coordinate system is implied from the position of its set of cards in the 
coordinate system stack. 
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Figure 6-5.    Euler Angles 
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Card 3 

Report No.  11615 

Format = 3F10.5 

NOTE 

XAX, YAX, ZAX below describe the position with 

respect to the IAXIS coordinate system. 

A 1) XAX 

(2) YAX 

(3) ZAX 

X coordinate with 
of the origin for 

Y coordinate with 
of the origin for 

Z coordinate with 
of the origin for 

respect to the IAXIS system 
the new coordinate system. 

respect to the IAXIS system 
the new coordinate system. 

respect to the IAXIS system 
the new coordinate system. 

Card 4 Format » 3F10.5 

/(D BETA = Euler angle ß 

(2) GAMMA = Euler angle Y 

(3) DELTA = Euler angle 0 

6.2,7 Mirror Data 

A mirror may be either a sphere or a flat plane.  It is defined 

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 

t (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 each 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 

Report No. 11615 

Format = 316 

(i)  MTYP 

(2)  MAXES 

(3)  IAXIS 

0 Flat mirror 

1 Concave spherical mirror 

-1 Convex spherical mirror 

The number of the coordinate system for which 
the Z axis is the axis of the mirror. 

(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.) 

± the number of tha 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 a 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 

Card 3 Format = 3F10.5 

(1) AMiRR(l)  = 

(2)  AMIRR(2) 

(3) AMIRR(3) 

X coordinate of the center 
mirror with rp^oe«-1 to the 
system. 

Y coordinate of the center 
mirror with respect to the 
system. 

Z coordinate of the center 
mirror with respect to the 
system. 

of curvature of the 
IAXIS coordinate 

of curvature of the 
IAXIS coordinate 

of curvature of the 
IAXIS coordinate 

Card 4 Format = F10.5 

(1) AMIRR(4)  = Radius of curvature of the mirror; must be 
positive. 
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Card 5 

Report No. 11615 

Format = F10.5 

/^7 REFMIR   = 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, if desired.) 

Card 6 

/ (1)IMRFT 

Format =16 

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 

(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 

C 
Format = F10.5 

(i)  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.) 

 i .ynii.iu^ 

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.g., 

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. ) 

Card 1 Format =16 

(1) NAPER Number of apertures (maximum of 20) 

The remaining aperture data cards consist of NAPER sets of cards 

2-5, one per aperture. 

D 
D 
D 

Ü 

0 
0 
0 
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L 
i, 

i: 
Type 1 

Circulator 
Opening 

Type 2 
Elliptical Disk 

Type 3 
Rectangular 

Opening 

i 

i 
r 

Type 4 

Convolved-c ire le- 
and-line disk 

Type 1 

Circular Ring 
(formed from two apertures) 

-^. X 

Figure 6-6 . Aperture Shapes 
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Format ■ 616 

(1)  KATYP    = ±1 Circular 

= ±2 Elliptical 

= ±3 Rectangular 

= ±4 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). 

(2) KABACK 

(3) KANEXT 

(4) KOTHER 

(5) KAXES 

(6) KREF 

= Number of the section in back of the aperture 
(back is toward ämaller 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. 

c ard 3 Format: 3F10.5 

A> ANAPER(1 ) = X coordinate of the center of the aperture with 
respect to the IAXIS coordinate system. 

(2) ANAPER(2) = Y coordinate of the center of the aperture with 
respect to the IAXIS coordinate system. 

(3) ANAPER(3) = Z coordinate of the center of the aperture with 
respect to the IAXIS coordinate system. 

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(5) is ignored; (b) for an ellipse, ANAPER(4) defines the semi-major 

axis of the ellipse (always assumed to lie along the X-axis), ANAFER(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 ANAPE^S) are given as above for the inscribed rectangle. 

Card 4 Format = 2F10.5 

S   (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 

d (1)  IAPRFT   = BRDF surface type 

6.2.9 Tube and Baffle Data 

Card 1 

I 

; ■ 

Format = 16 

(1) 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 (standard and/or wild 

card baffle data; see explanation 2, below) 

I 
107 

'^"''t-'-- -■^■- JJi..»'<w.:-f»..|-"""'
i"',>"""""""-i"  — —^ ■'■^■^■■^^'liTiiiMriiiliiii'Miilliitfillii --  -- - 



^^J^i|^|■JWtlPll^l^pJ^l.,..'T!■■^-~■^l^ -—- •«im w'iww.iwpiiuiiiw iiüiw»1 mma» IWIJUH WM. ■BUIB'HPII/.BIIH.I     '"r'"  •■" " ~"       —-yn 

PERKIN-ELMER Report No. 1161.5 

(a) Explanation 1: 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 edgea 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 ihe 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 

tube; thus, the edges of the baffles are coincident 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 

D 

I 

; 

: 
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i. 

i. 

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 etch card. 

(c)  Summary 

The sketch below illustrates the sequence of tube and baffle data 

(the illustration reads from the bottom up). 

Tube 2 etc 

f  Cards 1-6  imaginary tube 2 

^Wild Card Baffle data real tube 1 

/ Std. baffle data real tube 1 

(''Cards 4-7 real tube  1  

Tube  ifCards  1-8 imaginary tube  1 or Cards  1-8 real tube 1 r NTUBES 

6.2.9.1 Tube Data 

Card 1 Format = 216 

/a, LAXES = Number of the coordinate system which is the 
axis of the tube. 

(2) IAXIS = Number of the coordinate system with respect 
to which the base point of the tube will be 

. 
given. 
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A factor by which the BRDF value en :ered as the 
BRDF table data (6.2.12) will be multiplied. 
(This factor, usually unity, can be used to scale 
the BRDF data, if desired.) 

Card 3 Format = 16 

c (1)  ITBRFT   = 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 

/<« ATUBE(l) = X coordinate of 
which point the 

the base point of the tube ^at 
dimensions will be given). 

(2) ATUBE(2) = Y coordinate of the base point of the tube. 

(3) ATUBE(3) = Z coordinate of the base point of the tube. 

Card 5 Format = • 16 

/ (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 site 

parameters. Specifically for a circular tube, the first size 

parameter defines the radius at the base point, while the second 

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-msjor 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 direction, 

respectively. For the convolved circle tube, the size parameters 

describe the inscribed rectangular tube, as above. 

i 

l] 

D 
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0 

110 

__ ._   ^.^.^ „„„ ^..^.........^^.„.„^^u^^fa-^..^^ '■ - -• ^•^^^^■^ 



I; 
D 
l. 

\ 
r   ■ 

: 

■   I 

0 
I 
n 

„ 

PARKIN-ELMER 

Card 6 

Report No.   11615 

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 

/To or the cases ITYPE = 1 or 2 

(1) ATUBE(6)  = 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 (a slope of 0, 
describes a cylinder). 

For the case ITYPE = 3 or 4 

(1) ATUBE(6) 

(2) ATUBE(7) 

(3) ATUBE(8) 

(4) ATUBE(9) 

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

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

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

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

NOTE 

Values at 1., 0., I., 0., for ATUBE(6-9) define a cylinder. 

Card 8 Format = 216 

X (1) IBAFF = 1 No standard baffles on this tube. 

■ 2 Tube has standard baffles. 

(2) IWCBAF = 0 No wild card baffles within the standard 
baffles on this tube. 

= 1 Wild card baffles within the standard 
baffles on this tube. 

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). 

i i 
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Card 2 (more than one card may be required) 
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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 

J 

n 
u 

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

/  (1) SX      = Slopes in the X direction of each 
annular baffles. 

of the MBAF 

Card 4 (more than one card may be required) Format = 8F10.5 

/(l) SY      = Slopes in the Y direction of eaOi 
annular baffles. 

of the MBAF 

6.: 9.3 Wild Card Baffle Data (IWCBAF = 1) 

If 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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Format = 216 

/U) 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 

baffie surface number. 

u 

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)  IWCBS    = Wild card baffle surface numbers of each wild 
card baffle surface between these baffles^ 
eight per card, terminated with a zero. 

I ■ 

I 
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Sections are the means by  which the various surfaces are linked 

together to tonn 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 (each section type is described below). 

A ray can pass from oue  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 

c (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 Lo 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. 

I  V 

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, 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 con- 

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 

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

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 

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 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. Note that the section 

transferred to will also have a hole in it. 

A standard baffled section may have wild card baffles also. Wild 

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 shown in Figure 6-8. 

Card 1 Format = 516 

/u) JTYPE ■ 0 No inner tube. 

t 0 Tube number of inner tube. 
(2) JSECT1 = 0 No outer tube. 

^ 0 Number of outer tube. 

(3) JBACK — Number of the end aperture of low Z value. 

Number of the end aperture of high Z value. 

(4) JNEXT ■ Gives the number of the other end aperture. 

(5) JSECT2 = 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). 

(6) JSECT3 ■ 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. 

1 
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Figure 6-7. . Standard Baffled Sections 
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Figure   6-8,        Holes 
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Card 2  (only entered for a standard baffled 
section with a hole) 

NOTE 

A second hole card follows immediateiy 

if there is a second hole. 

Format = 516 

/ (1) IHTUBE = The number of the tube defining the hole. 

(2) IHAP = 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). 

(4) INSECT ■ 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 
section. 

Card 3 Format = 816 

NOTE 

Card(s) 3 is required only if JSECT3 is non-rero. If more than 

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. 

X (1)  IWCBS(I) = Wild card baffle surface number of each wild 
card baffle in the section. 

- 
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6.2.10.2    End Section 

i; 

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

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

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 

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 

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. 

N: 

i. 

i: 

i. 

c ard 1 Format = 516 

/u, 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 
the first tube. 

(4) JNEXT = Aperture number of the aperture normal to 
the second tube (if any). 

(5) JSECT2 ■ Tube number of the second tube (if any). 

(6) JSECT3 = 0 No wild card baffle surfaces in the 
section. 

= 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. 

i 
* « 
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Tube 

A 
•   One Tube 

End Plane 
Odd Aperture 

Aperture Plane 

Back Aperture 

Tube 1 Bad: Aperture 

Two Tubes Aperture Plane 

Odd Aperture 

Forward Aperture 

Figure 6-9.    End Sections 
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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 jurface (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). 

If the concave mirror section is bounded by two apertures, the one 

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. 

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-iO, 

Card 1 Format = 616 

/a, JTYPE ■ 200 unobscured mirror. 

200 + tube number of  the  tube obscuring 
the mirror. 

(2) JSECT1 ■ Mirror number of  the concave (or flat) mirror. 

(3) JBACK = Aperture number for the back aperture (lower 
Z value),   if any. 

(4) JNEXT = Aperture number for  the  front aperture (higher 
Z value),   if any. 

(5) JSECT2 = A value of 0 should be entered. 

(6) JSECT3 M 0 No wild card baffle surfaces  in the section. 

= 1 Wild card baffle  surface 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 6-10.    Concave Mirror Sections 
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Figure    6-11.    Convex Mirror Sections 
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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 cr 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 intersecting that axis at the higher Z value is called the front aperture. 

Examples of convex mirror sections are given in Figure 6-11. 

D 

I 

I 0 
1. 
r 
r 

Card 1 Format = 616 

/ (1) JTYPE = 300. 

(2) JSECT1 = Tube number of tube surrounding the convex 
mirror section. 

(3) JBACK = The number of the back aperture (lower Z value). 

(4) JNEXT = The number of the front aperture (greater 
Z value). 

(5) JSECT2 = Mirror number of the convex mirror. 

(6) JSECT3 

= 

0 No wild card baffle surfaces in the section. 

1 Wild card baffle surface 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. 

I \ 
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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 

C (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 catd 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) ITWCBS   = 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 la a part. 

124 

0 
Ü 

Ü 

0 
[I 

f] 

0 
l! 

Ll 

Li 

D 
1,1 
0 

I 

ii^iMB,..., ....■..-. 
 _, ^^^^^^^^^^^^  J 



<"«>ia<«ii"Wi mwmr  

PERKIN-ELMER Report No.   11615 

i: 
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D 
i: 

The HRDK  tables musL luivo  bt'tii previously prepared and written out as 

two binary  tiles  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 

^ 
(1)    NTAB = Number of BRDF  tables  (maximum of 3) 

6.2.12. i    Global BRDF Table Multipliers 

NOTE 

A separate card 1, below, must be included for each of 

the NTAB BRDF Tables. 

Card 1 

D 
1: 

i. 

- 

Format = 2F10.5 

(1) SM 

(2) DM 

Multiply all the specular attenuation values 
in this set of BRDF tables by the value SM. 
A negative value indicates that the tables 
should bf. used as they were read in.  In 
this case the value of DM is ignored. 

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 value of SM (above) is negative. 

Card 1 

/TIT ITDM 

Format = 816 

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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n 
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NOTE 

Cards 2 and 3 should be included for a particular table 

only if card 1 has at least one non-zero entry. 

Card 2 

(1) TSM 

Card 3 

/T 1)  TDM 

Format = 8F10.5 

The coefficients by which all of the specular 
values in each of the rows specified in card 1 
are to be multiplied. Each row has its otm 
multiplier.  There should be as many entries 
on this card as non-zero indices specified on 
card 1. 

Format = 8F10.5 

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 
entries on this card as non-zero indices speci- 
fied on card 1. 

f! 

0 
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u .:'. 15     Iliiiul  C.'ilciil;iU-il View K;iclor  Mnlrict'S 

The GUEKAP-11  program CMIcuLiLcs   first-order diffuse  stray  radiation 

terms  by  computing  and marking  nil  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. 

i 

i: 

!. 

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 ol 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  Lo  see another critical aperture if, and only if, a direct path through 

no intervening critical aperture exists. The user is never required 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 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.  If there is an aperture that limits or 

• 
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partially obscures this vi'iv,  it is also specified. (If there is more than 

one such aperture^ the most appropriate one is chosen.) 

Finally, to allow the computation of direct path8; the section-to- 

section matrix is specified. This matrix describes which sections can di- 

rectly 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. 

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. 

I 
0 

: 

Card 1 Format ■ 16 

7 

(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. 

/ö) ISEQAM(1) 

(2)  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 goin^ on to the next aperture. 
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Cinl  'i    Aperture-Lo-Si'd f on Konn.'il 816 

L 

D 
i: 
i: 
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MUTE 

Card 4 should be repeated for each critical apertuE':1 1 to NCAP 

with as many cards as needed for each aperture and a  least 1 

card for each critical aperture. 

(1)  ISAPVF   ■ The numbers of the system sections that can be 
seen by each particular critical aperture.  As 
with Card 3, more than one card may be needed 
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 
through aperture N to see a particular section, 
that section number should be increased by 
100 x N.  Thus, if critical aperture 2 sees 
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. 

(1)  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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NOTE 

• \ 

This section is 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 edgt number is the position of that destina- 

tion edge which has been previously defined in this list). Aperture and 

ape/ture-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. 

: 

: 

D 
D 
; 

D 
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Card 1 

i: 

i: 

. 

■ 
D 
D 

Format = F15.5 

c (1)    w Wavelength (in the same units as the length 
units used earlier). 

Card 2 Format = 16 

/U) NPTS = Number of points to be taken around an edge. 
(The program checks points equally spaced       1 
around each edge to see whether diffraction     1 
from the edge at that point can reach the 
detector.)                                 1 

Card 3 (Diagnostic outputs^ not for 
production use) 

Format = 16 

(1) MDIAG = 0 

(2) NDIAG = 0 

(3) NP1 = 0 

(4) NP2 = 0 

Card 4 Format = = 216 

/(I)  NSW1 = 1 

(2)  NSW2 = 0 No diffraction path summary report 

= 1 Output diffraction path summary 

Card 5 Format = 316 

/(I)  NCREG(l) = The number of critical edges at Level 1 

(2) NCREG(2) = The number of critical edges at Level 2 

(3)  NCREG(3) 

i  

= The number of critical edges at Level 3 

L 
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Format =416 

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(l) + 

NCREG(2) + NCREG(3).  Card 6 cards in total are interspersed 

with Card 7 cards for each edge. 

r   (1) IEGPR(1) = If edge is an aperture, then input the aperture 
number. 

= If edge is a baffle, then input the following: 
100 times the tube number which contains the 
baffle plus baffle number. 

(2) 1EGPR(2) = The number of epertures in the sequence to the 
next edge or to the detector, whichever is 
applicable. 

(3) IEGPR(3) = 0 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 IEGPR(2) 

cards for each edge. 

(1) ISQS(l) 

(2) ISQS(2) 

= Aperture number. 

= Mirror number if there is a mirror associ- 
ated with aperture ISQS(l). 

[ 

: 

: 
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r 
■   1. 

6.2.15 Computation Level 

NOTE 

This data is read in on FORTRAN unit 5, 

! 

Card 1 

/ (1) mSTKL 

(2)  MSTRLV 

Format = 216 

Beginning level of stray light terms to be 
computed for this run. 

Final level of stray light terms to be com- 
puted for this run. 

6.2.16 Critical and View Factor Tables 

; 

I i i 

h; 

ir 

Card 1 

(1)  IOLD 

NOTE 

This data is read in on FORTRAN unit 5, 

Format =16 

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 

/ {,!)     INEW = 0 The new critical table will not be 
written out. 

= 1 The new critical table will be written 
out on FORTRAN unit 12. 

[ 

[. 
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(1.2.17    Updates 

The update procodurt« billow« Liu' user to makf neveral 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 

/ (1) KIN = The FORTRAN input unit number from which the 
updates are read. A value of 0 indicates 
that there will not be any updates. A value 
of -5 indicates .) fresh start. Go back to 
Section 6.2.1. 

(2) MODE = Refer to Section 6.2.1 for explanation (mode 
data). 

(3) MODIPR = Refer to Section 6.2.1 for explanation (mode 
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 

/(I)  IUPDAT = 0 Updating is complete 
a 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 

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)  ISYS 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 1M1RR as described in Mirror Data, Input Data Format (Section 6.2.1) 

6.2.17.6 Apertures 

Card 1A Format = 16 

/ (1)  IAPER    = 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) . 

D 
:: 

i 

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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Format = 16 

(1)  ISECT    = 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 

(1)  IWCBAF   = The number of the wild card baffle 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. 

: 

i 

I 

D 

136 
. 

 ...„^....■., ■„.^J.,..,.J......1..,J«,..i^.,J.,..t^.^v„^   L.,,.,,.._ ,,..,..■..,.......,■ :..i..i;....^...„^ ;..,.-A.-^.»,.^.^..:.^.,w.., ».. 



r;..„„,...,..v„-.,-,-.,r     .r, rrr;. ■ ■   ,,  fm.^^-^^L—m 'rf^p*.«m^rw^m-Jn^&mm^$Mmy -r^^^:^sw^w-Wi^^^'^?^^i^^^^^ 'r : ^'^ 

PERKIN-ELMER Report No. 11615 

!. 

D 
ID 

D 

6,2.18 Constructing BRDF Disk Files 

This section dcscrihos Input pdr.iiiiotcrs Lo Llio WRTAHL program which 

writes BRDF tables out on two disk illes (FORTRAN units 1 and 2), which are read 

in by the TCR1T, TDFUS and TDFR programs as described in Section 6.2.12.  (Also 

see Section 5.1.1.) 

NOTE 

The data is read in on FORTRAN unit 5. 

Card  1 Format ■ 16 

/TIT 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 

D 

i 

0 

Format = 2F10.5 

X (1) ANGI            = Angle of  incidence  for  this  row of  the table. 

NOTE 

If ANGI < 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 
required. 

Cards 5-6 

/ (1)BRDF 

Format = 8F10.5 

Up to 15 BRDF values, corresponding to 
scatter angles given above, 8 per card; 
two cards are required. 
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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 II. The system was 

designed to operate with a finite source, thus avoiding the necessity for an 

additional colllmator, which would Introduce another scattering surface. 

The baffles in the system (Bl - 35) 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 ehe entrance pupil for the system. 

The reimaglng 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 as 

follows: 

Section 

A-l 

A-2 

A-3 

A-4 

Contents 

Copy of input data cards as read Into program 

Input data, with labels, as printed out by 

GUERAP II; useful for scanning input data 

before performing analysis to check for 

obvious errors 

Input data explanation 

Sample program outputs 

: 

u 

7.2.3 Stray Light Computations for Baffle I 

A laboratory evaluation of the off-axis 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 direqtly 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 I 

system, also demonstrates the ability of the program to categorize the stray 

radiation contributions, allowing one to identify the dominant term at any 

source angle. 

When a Lyot stop is used in conjuactlon with a re-imaging section, 

the primary mirror surface diffuse term is unaltered. However, all the critical 

U2 
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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 II computer 

program for both the single 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° source 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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Figure 7-5.    GUERAP II Diffuse Analysis; Baffle I with Relay Optics 
and Lyot Stop 
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non-circular image of the primary aperture as formed by the secondary (this 

non-circular image was observed in the course of the experimental program). 

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 Figure 7-7.  It is a 15 inch 

aperture f/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- 

axis 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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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 

the GUERAP II providing real optics characteristics. 
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APPENDIX   I 

BAFFLE  I  INPUT DATA AND PROGRAM RESULT EXAMPLES 
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O.fO.t 
0.1*0.1« 
8» 
.2« 
.01«91.t 
7» 
1« 
U.*0.f127.« 
0.«7.«0.« 
2« 
0.«0.«0.« 
0.« 7.«0.« 
3« 
4.35«0.«-91.« 
0.«-3.5*0.« 
3« 
o.«o.«-iOb.i« 
90.«14.«-90.« 
3* 
0.«0.«-108.1« 
90.«28.«-90.« 
1* 
0.«0.*0.« 
0.«9G.«0.« 
2* 
l*-2*2* 
0.*0.«0.« 
152.. 
1.« 
2* 
1«5«5« 
0.*0.*0.* 
22.4« 
1.* 
2« 
8* 
l«0«l«0«lf1« 
0.fU.*0.« 
4.45« 
1.« 
1« 
1*1*2*0«1«1« 
Ü.*0.«125.« 
4.57* 
1.* 

:i 
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57 
58 
59 
60 
61 
62 

n 63 
}fc64 

65 

n *<> 

t* 68 
69 

: 70 
11 71 

72 

r 73 
74 

'' 75: 

f 77 
1. 78 

79 
p80 

1.81 
82 
83 
84 
85 
86 
87 
88 
69 
90 
91 
92 
93 
94 
95 
96 
97: 
98 
99 

-400 
101 

il02 
,i03 
I 104 
'•«05 
106 
no7 
I..08 
109 

— 410 

1; 
1 

i» 
lt2»3«0*2tlt 
U.«0.«126.9« 
6.35« 
1.« 
It 
Itl*4«0*4f4f 
0««0.t87.t 
6.35. 
1.« 
It 
It4t5t0t4t4t 
-4.35t0.t0.t 
.5t 
l.t 
It 
It5t6t0t5t5t 
O.tO.tl.t 
4.5t 
l.t 
It 
It5t7t0t6t6t 
Ü.t0.tl2.3t 
l.tO.t 
l.t 
It 
It7t-lt0t6t6* 
0.t0.t31.bt 
l.t 
l.t 
It 
4t 
Itl« 
l.t 
It 
O.tO.tO.t 
it 
4.45t 
.0182t 
2t 
O.tO.tO.t 
It 
&.9t 
Ott 
6t 
0.t25.t50.t75.tl00.tl25.t 
O.tO.tO.tO.tO.tO.t 
4t3t 
l.t 
It 
O.tO.tO.t 
It 
6.35t 
O.t 
It 

1 
155 

■.^..^..■^.,...,-...:..,^.^^......,^.-. ^....^.^■. ..-^....^.^^^^U^^^ 



mmmm • I'UJ1«»'11' mmmt^mmi^*wm*^m*rmmiimim tmmmmmmim' 

H- -I       GUEKA^ 

111 : 6«6. 
112 : 1.« 
113 : It 
m : 0.fG.fl2.3« 
115 : 1* 
lib : 1.« 
117 1   0.» 
llfl : 1« 
119 ! 4»3f 
120 : !.♦ 
121 : 1« 
122 : 0.«0.t0.« 
123 ' 1« 
124 ; 10.« 
125 0.« 
126 : 1« 
127 : 7» 
128 : ü«l«l*2«l« 
129 ! 2t4*2«4«0« 
130 ! 103«l*2tO*Ü« 
131 . 200*1«3«0« 
132 t Ü»2.5.4,l» 
133 lf2.2.1. 
134 : 106«4f5*7«3t 
135 ! 200«2«0t6» 
136 ! 0*3«7«8«Ü« 
137 ! 2» 
138 ! -l.«-l.f 
139 : o« 
UO ! -l.«-i.f 
Ul . Ü« 
142 4« 
143 3«1« 
144 StO» 
145 6*2« 
146 1 7«Ü« 
147 2« 
148 1*3« 
149" 2«4« 
150: J« 
151 1 •2«3.104« 
152 i it 1 »2 »4 « 5 « 
1531 5«6. 
154 5.7« 
155 l«c«104» 
156! 1«2*104« 
157! 3« 
158! 10l«l02«4, 
159! 5« 
160! b« 
161! 7« 
162! 1* 
163! 3.7« 
164! -75.«0»«-8,9« 

-    165! 25.«7.« 
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PERKIN-ELMER 
1.2    INPUT DATA,   WITH LABELS,  AS  PRINTED OUT BY GUERAP II 

'o67USERI0     SCHREYER 05/30/73 14.35.47 

Report No.   1I6I5 

INPUT TITLE 
BAFFLE I TEST» WITH TWO OETECTCHS 
INPUT IDIFFR,IBSPEC»IBOIFF»IMSPEC»IMOIFF»I0PTN 

1 1     1     1    C     1 
INPUT INMOO 

6 
INPUT XST.XFIN»YSTfYFIN.ALPHAl.ALPHA2f3ETAl»BETA2» 
-5.00000   5.00000 -5.00000   5.00000   6.00000   7.00000   0.0      0.0 
INPUT N*NN»NNNtNNNN 

L      6     6     2     1 
INPUT INTENSITY CUTOFF VALUE 
0.10000-09 
INPUT MAXIMUM RECURSION LEVEL 

INPUT FRACTIONAL COVERING DESIRED 
0.80000 

I   INPUT XUET.YDET»Z0ET 
0.0      0.0      0.0 

/   INPUT NUMBER OF DETECTORS AND AXES OF DETECTOR PLANE 
2 6 

INPUT X»Y POSITION OF DETECTOR 
..    0.0      0.0 

PUT X»Y POSITION OF DETECTOR 
l-    0.10000   0.10000 

INPUT NdlNS 
8 

1   INPUT BINSIZ 
0.20000 

INPUT OTAREA»EFL 
0.01000  91.00000 

1. 

: 
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INPUT NUMBE« OF LOCAL COORDINATE: SYSTEMS 
7 

INPUT REFERENCE AXIS NUMBER 
I 

'MPUT ORIGIN FOR THIS COORDINATE SYSTEM 
0.0       0.0     127.00000 

INPUT EULER ANGLES FOR AXES BETA»6AMMA«ÜELTA 
0.0       7.00000   G.C 

INPUT REFERENCE AXIS NUMBER 
? 

INPUT ORIGIN FOR THIS COORDINATE SYSTEM 
0.0       0.0       0.0 

INPUT EULER ANGLES FOR AXES BETA»GAMMA»ÜELTA 
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 BETAtGAMMA.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 FOS AXES BETA,GAMMA.DELTA 
90.00000  14.00000 -90.09000 
INPUT REFERENCE AXIS NUMBER 

3 
INPUT ORIGIN FOR THIS COORDINATE SYSTEM 

0.0       0.0    -108.10000 
PUT EULER ANGLES FOR AXES BETAtGAMMA,DELTA 
90.00000  28.00000 -90.00000 
INPUT REFERENCE AXIS NUMBER 

I 
INPUT ORIGIN FOR THIS COORDINATE SYSTEM 

0.0      0.0      0.0 
INPUT EULER ANGLES FOR AXES BETA.GAMMA.DELTA 

0.0      90.00000   0.0 

0 
0 

o 
D 
0 
0 

0 

u 
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INPUT NUMBER OF MIRRORS 
2 

INPUT MIRROR TYPEt MIRROR AND REFERENCE AXES NUMBERS 
1    -2     2 

•NPUT XVERT»VVERT»ZVERT OF MIRROR 
0.0       0.0       0.0 

INPUT MIRROR RADIUS 
152.00000 
INPUT MIRROR REFLECTIVITY 

1.00000 
INPUT BROF TYPE 

? 
INPUT MIRROR TYPE» MIRROR AND REFERENCE AXES NUMBERS 

1     5     5 
INPUT XVERT«YVERT»ZVERT OF MIRROR 
0.0       0.0       0.0 

INPUT MIRROR RADIUS 
22.40000 
INPUT MIRROR REFLECTIVITY 

1.00000 
INPUT BROF TYPE 

2 

I 

. 

: 
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INPUT  NUMBER OF  APERTURES 
8 

INPUT   KATYPtKABACKtKANi-XTfKOTHERfKAXESfKREF 
10 10 11 

•W»UT  CENTER POSITION 
0.0      0.0      0.0 

INPUT APERTURE DIMENSIONS 
4.4S000  0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT BRDF TYPE 
1 

INPUT KATYP.KABACKtKANEXT.KOTHER»KAXESfKREF 
1 1 112    0 

INPUT CENTER POSITION 
0.0      0.0    125.00000 

INPUT APERTURE DIMENSIONS 
4.57000  0.0 

INPUT APERTURE REJLECTIVITY 
1.00000 

INPUT BRDF TYPE 
1 

INPUT KATYP.KABACK.KANEXT.KOTHER.KAXE^tKREF 
12    3    0    2    1 

INPUT CENTER POSITION 
0.0      0.0     126.90000 

INPUT APERTURE DIMENSIONS 
6.35000  0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 
PUT BRDF TYPE 

1 
INPUT KATYP»KABACK»KANEXTtKOTHER.KAXEStKREF 

1     14    0    4    4 
INPUT CENTER POSITION 

0.0      0.0     B7.Ö0000 
INPUT APERTURE DIMENSIONS 
6.35000  0.0 

INPUT APERTURE REFLECTIVITY 
1.C00OO 

INPUT BRDF TYPE 
1 

INPUT KATYP,«ABACK.KANEXT.KOTHERtKAXES.KREF 
14 5    0    4    4 

INPUT CENTER POSITION 
-4.35000  0.0      0.0 
INPUT APERTURE DIMENSIONS 
0.50000  0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT BRDF TYPE 
1 

INPUT KATYP,KABACK.KANEXT.KOTHER.KAXESfKREF 
15 6    0    5    5 

INPUT CENTER POSITION 
0.0      0.0      1.00000 

.'iPUT APERTURE DIMENSIONS 
4.50000  0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT BRDF TYPE 
1 

INPUT KATYP,KASACK,KANEXT.KOTHERtKAXES.KREF 
»    •    t    «    «    j 
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INPUT CENTER POSITION 
0«0      0.0     12.30000 

INPUT APERTURc DIMENSIONS 
1.00000   0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

-HJPUT BRDF TYPE 
1 

INPUT KATYP,KABACK,KANEXT,KOTHER,KAXES,KREF 
1     7-1     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 
1 

■ 

! 

I 
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INPUT  NUMBER OF  TUBES 

INPUT   AXIS  NUMBER  FOR  TUBEt   AND REFERENCE   AXIS  NUMBER 
II 

•NJPUT  REFTUB 
1.00000 

INPUT  BRDF  TYPE 
1 

INPUT   XAB.YABtZAB 
0.0 0.0 0.0 

INPUT   ITYPE 
1 

INPUT   RADIUS 
4.<»5000 

INPUT  SLOPE 
0.01820 

INPUT   IBAFF.IWCBAF 
2 0 

INPUT   XABtYA8.7AB 
0,0 0.0 0.0 

INPUT   ITYPE 
1 

INPUT  RADIUS 
8.90000 

INPUT  SLOPE 
0.0 

INPUT   MBAF 
6 

INPUT   ZB(I).1=1,MBAF 
0.0 25.00000     50.00000     75.00000   100.00000   125.00000 
PUT   S(I).I=1.MBAF 
0»0 0.0 0.0 0.0 0.0 0.0 

iINPUT   AXIS  NUMBER  FOR  TUBE.   AND REFERENCE  AXIS NUMBER 
/ 4 3 

INPUT  REFTUB 
1.00000 

INPUT   BRDF   TYPE 
1 

INPUT   XAB.YAB.ZAB 
0.0 0.0 0.0 

INPUT   ITYPE 
1 

INPUT  RADIUS 
6.35000 

INPUT   SLOPE 
0.0 

INPUT   IBAFF.IWCBAF 
1 0 

INPUT   AXIS  NUMBER  FOR   TUBE,   AND  REFERENCE   AXIS  NUMBER 

INPUT  REFTUB 
1.00000 

INPUT   BRDF   TYPE 
1 

INPUT   XAB,YAB,ZAB 
0.0 0.0 

..'JPUT   ITYPE 
1 

INPUT  RADIUS 
1.00000 

INPUT   SLOPE 
0.0 

INPUT   IBAFF,IWCBAF 
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INPUT AXIS NUMBER FOR TUBEt AND REFERENCE AXIS NUMBER 
4    3 

INPUT REFTUB 
1.00000 

INPUT BRDF TYPE 
1 

-^PUT XABtYAB.ZAB 
0.0      0.0      0.0 

INPUT I TYPE 
1 

INPUT RADIUS 
10.00000 

INPUT SLOPE 
0.0 

INPUT ISAFFflWCBAF 
1     0 

II 

I 
I 
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INPUT NUMBER  OF   SECTIONS 
7 

INPUT JTYPE»JSECT1»JBACK,JNEXT»JSECT2,JSECT3 OF   SECTION 
0 112 10 

'NPUT TUBE,   APERTURE.   DIRECTION»   SECTION,   AND  FLAO  FOR  FIRST  HOLE 
2 4 2 4 0 

INPUT JTYPE,JSECTI.JBACK.JNEXT,JSECT2.JSECT3  OF   SECTION 
103 1 2 0 0 0 

INPUT JTYPE,JSECT1,JBACK,JNEXT»JSECT2,JSECT3  OF   SECTION 
?00 1 3 0 0 0 

INPUT JTYPE,JSECTl,JBACK,JNEXT»JSECT2,JSECT3  OF   SECTION 
0 2 5 4 10 

INPUT TUBE,   APERTURE,   DIRECTION,   SECTION,   AND  FLAG FoR  FIRST  HOLE 
12 2 10 

INPUT JTYPE,JSECT1,JBACK,JNEXT,JSECT2,JSECT3  OF   SECTION 
106 4 5 7 3 0 

INPUT JTYPE,JSECT1,JBACK,JNEXT,JSECT2,JSECT3  OF   SECTION 
200 2 0 6 0 0 

INPUT JTYPE,JSECTI,JBACK,JNEXT»JSECT2,JSECT3  OF   SECTION 
0 3 7 8 0 0 

D 

0 
D 
D 
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INPUT  NUMBER OF  BRDF   TYPES 
2 

INPUT   GENERAL  SPECULAR   AND  DIFFUSE  MULTIPLIERS 
-1.00000     -I.00000 

•*(.T   NO.        1   INPUT   TABLES   TO  HAVE  MULTPLIERS 
00000000 

SET   NO.=     1     TABLE   NO.*     I 

SPECULAR  REFLECTIVITY» 

2.00000 
2.S0000 
3.00000 
4.50000 
6.00000 

13.00000 
37.00000 
40.00000 
56.00000 
61.00000 

180.00000 

0.14000 
o.nooo 
0.05300 
0.02700 
0.01400 
0.00720 
0.00370 
0.00180 
0.00090 
0.00050 
0.00030 

0.02500     MAXIMUM   INCIDENT   ANGLE  FOR   TABLE=     20.00000 

SET  NO.=     1     TABLE   NÜ.=     2 

SPECULAR  REFLECTIVITY«       f».04000     MAXIMUM   INCIDENT   ANGLE  FOR  TABLE«     45.00000 

r 

2.00000 
3.00000 
4.00000 
7.00000 
8.50000 

25.00000 
70.00000 

180.00000 

0.28000 
0.1400Ö 
0.06700 
0.03400 
0.01700 
0.00750 
0.00380 
0.00170 

I. 

SET   NO.=     1     TABLE   NO.=     3 

SPECULAR  HEFLECTIVlTYs       0.03500     MAXIMUM   INCIDENT   ANGLE  FOR  TABLE«     75.00000 

1.00000 
1.20000 
1.30000 
1.50000 
2.00000 
3.00000 
4.00000 
8.50000 

19.00000 
75.00000 
97.00000 

180.00000 

1.10000 
0.82000 
0.40000 
0.20000 
0.09800 
0.05000 
0.02500 
0.01200 
0.00600 
0.00400 
0.00320 
0.00230 

SET  NO.«     1     TABLE   NO.«     4 

SPECULAR  REFLECTIVITY«       0.40000     MAXIMUM   INCIDENT   ANGLE  FOR  TABLE«     90.00000 

.. 1.00000       1.10000 
1.20000       0.82000 
«  ^ M A A A      A  /. A A A A 
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^•UOUOU   U.04H00 
3.00000      o.osooo 
H.ooooo     n.o?5oo 
^.50000       0,01200 

19.00000       O.OOhOO 
75.00000       0.00400 
7.00000       0.00320 

HO.00000        0.00230 
INPUT   GENERAL   SPECULA«   AND   DIFFUSE   MULTIPLIERS 
-1.00000     -1.00000 
fcT   NO.        2   INPUT   TABLES   TO   HAVE   MULTPLItRS 
00000000 

SET   NO.=     2     TABLE   NO.=      ] 

SPECULAR  REFLECTIVITY 

0.75000 
1.50000 
2.50000 
3.50000 
4.50000 
5.50000 
6.50000 
7.50000 
B.50000 
9.50000 

12,50000 
17.50000 
?5.00000 
S.00000 

ItfO.00000 

0.00700 
0.00280 
0,00200 
0,00160 
0.00130 
0,00100 
0,00080 
0,00060 
0.00051 
0.00045 
0.00040 
0.00025 
0.00016 
0.00010 
0.00004 

0,95000     MAXIMUM   INCIDENT   ANGLE   FOR   TABLE«     90.00000 

1 

] 

.1 

.] 

;] 

1 

0 

1 
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£NPUT NCAP 

aNPUT CRITK 
3     1 

«NPUT CRITK 

:AL APERTURE AND ASSOCIATED MIRROR NUMBERS 

:AL APERTURE *ND ASSOCIATED MIRROR NUMBERS 

NPUT CRITICAL APERTURE AND 
t-   6    2 

ASSOCIATED MIRROR NUMBERS 

INPUT CRITICAL APERTURE AND 
r-   7     n 

ASSOCIATED MIRROR NUMBERS 

1 PERTURE 1 SEES APERTURES- m 

2 
APERTURE 

0 
2 

0    0 
SEES APERTURES- 

0 0 0 0 

1 
VPERTURE 

3 
3 

0    0 
SEES APERTURES- 

0 
m 

0 0 0 

2 
PERTURE 

4 
4 

0    0 
SEES APERTURES- 

0 0 0 0 

3 
APERTURE 

0 
1 

0    0 
SEES SECTIONS— 

0 0 0 0 

r J 
PERTURE 

2 
2 

3   104 
SEES SECTIONS— 

0 0 0 0 

101 
APERTURE 

2 
3 

4    5 
SEES SECTIONS— 

0 0 0 0 

5 
UPERTURE 

6 
4 

0    0 
SEES SECTIONS— 

0 0 0 0 

5 
ECTION 

7    0    0 
1 SEES SECTIONS— 

0 0 0 0 

1 
SECTION 

2  104    0 
2 SEES SECTIONS— 

0 0 0 0 

r  1 

l    CTION 
2   104    0 

3 SEES SECTIONS— 
0 0 0 0 

'*-'  3 
SECTION 

0    0    0 
4 SEES SECTIONS— 

0 0 0 0 

101   1 
ACTION 

102    4    0 
5 SEES SECTIONS— 

0 0 0 0 

5 
ECTION 

0    0    0 
6 SEES SECTIONS— 

0 0 0 0 

6 
SECTION 

0    0    0 
7 SEES SECTIONS— 

0 0 0 0 

7 0 0    0 0 0 0 0 

--■ ^-■■'.■■ 
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1.3  IN PUT DATA EXPLANATION 

Input Data Explanation 

The input data for the BAFFLE I and its evaluation is shown in 

Section A-l 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 input 

data to look for obvious errors.  The order is the same as that in the input 

format, Section VI. 

The following paragraphs give a description of why certain input 

values are used. This will not include dimensional values which «re 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 

1 

2 

3 

4 

Comments 

(se) 

(se) 

(se) 

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°). 

The entrance aperture is filled with 6 elements in 

the X and Y direction. 

Based upon the baffle surface reflectivity, the at- 

tenuation cut-off value should permit 5-6 reflections 

0 
D 

: 

c 

o 
D 
0 
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[ 
[ 

c 

I 

1. 
D 

: 

Card Ntmber 

9 

10 

U 

12 

13 

14 

15 

16 

17 

18 

COBBMt» 

The initial maximum recursion should b« not so high 

as to use additional computer time without mudh 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 teehnique. 

(se) 

The coordinate system used to define the focal plane 

describes the detector plane. 

(»e) 

The additional detector coordinates. 

(se) 

(se) 

(se) 

The number is sufficient to describe the various sec- 

tions comprising the system. 

The Ist coordinate system refers to the one at the 

center on the mirror. The (XYZ) values are measured 

from the 1st coordinate system origins using a coordi* 

nate system tilted parallel to the mirror normal (7°). 

The 2nd system origin is measured from the 1-system 

origin. 
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Card Number 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

3J 

30 

Comments 

As stated above, the tilt angle is (0, 7°, 0) from 

the Ist coordinate system. 

The 3rd system is referenced to the 2nd system. 

The 3rd system has the same origin as the 2-system. 

The 3rd system is tilted (0,7o,0) relative to the 

2nd system. 

The 4th system is referenced to thf. 3rd system. 

The 4th system origin measured in 4th system with 

origin at position of 3rd system. 

The tilt angle of the 4th system relative to the 

3rd system is (0. -3.5, 0). 

The 5th system is referenced to the 3rd 

(se) 

(se) 

The 6th system is referenced to the 3rd. 

(se) 

(se) 

The 7th system is referenced to the Ist. 

(se) 

(se) 

(se) 

The mirror is concave (1); the used section is on 

negative side of z-axis of 2nd system and is referenced 

to the 2nd coordinate "ystem 

fj 

: 
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Card Number 

- 37 

38 

39 

i 
40 

i 
41 

42 

. 

43 

44 

1 45 

46 

l 47 

i 

i 

1 

[ 

: 

■ 

48 

49 

30 

51 

52-86 

87 

88-126 

Conments 

The center of the mirror Is coincident with the orl 

gin of the 2nd system. 

--) 

(se) 

It has a BROF of Type 2; a table contains the mirror 

BRDF versus angle values 

The second mltror is concave (1); the used section is 

on the positive Z-axls of the 3th system. 

The center of the 2nd mirror is coincident with the 

origin of the 5th system. 

(«) 

(se) 

(se) 

There are 8 apertures. 

The Ist aperture is circular (P, has no section; 

is below it (0), has the 1st section, forward of it 

(1), has no aperture inside it (0), has an axis 

coincident with the 1st coordinate with the 1st co- 

ordinate system, and 1^ referenced to the first coor- 

dinate system. 

(se) 

(se) 

(se) 

The BRDF values used are fron the 1st table. 

vse) Describes the other 7 apertures in similar maami 

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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PERKINELMER 
1.4  OUTPUT EXAMPLES 

SYSTCH TITLü : aMFFL*: I TEST 

SAKFLL üESIGri 1 TcfuT lO.v  Q 

16.4j.lC 

Report No.   11615 

PAGE 

• •«••••   oeriC-lL   t'OHH   ijAIA   »*••••• 

• ••   CUJKülNATt   Sri>Tt;,5   •*• 

AXIS f^: ).                     OKIMI* Axl: .   TILTS 
i 0.0       0.?       0 • 6 O.ü 0.0        0.0 
2 -Ib.5       O.O   1?6 .1 Ü.O 7.0       O.u 
3 -3'J.7        !i»i)   [d2 .2 ü.O l4.0       u.O 
4 -2'*,'*       0..     33 .-i 0.0 10.5       0 * U 
5 -30.7     -3.7     14 ./ «♦b.y H.«   -13.o 
6 -30.7     -7.1      13 .^ •>5.b 31.0  -37.1 
7 o.ü       il.Ü       0 .0 0.0 vO.U       u.ü • 

••• sccru.^s •♦- 
Sctrroj StCTItM CünTENTb > 

SECT 10. .   TYHE          ZI            Z2 AAlS           Mir irVUHS   Jr'EMrUwc.j TuäES 
1 0           0.0        123. Oü 1 0               12     0 1     0 
2 103     I2Ö.J0          0. » 2 ü              2     C     3 Ü      1 
3 200      12-».^          ü. ü 2 1               3     0     0 U     0 
4 0        33.7.i     120. 7o H 0              5     4     0 2     0 
b 106       33.7»?       i-3. n6 5 U              5     7     6 3    * 
6 200          0«W          lit bö S 2              0     6     0 0     0 
7 0       ZStht       ^3. lb 6 ■st               7     e     0 3     0 

••♦   Mlh PO^S  ••• 
• 

«HtrtKJWt "I^^Orf       CEis'TEW VtxTtX     hlWWOrf MIrtrfÜr* 
MlftriOK SECTIO.J       NO'S TYPE       POSITIV 1   PObiTlOI.      AAIS Ul.'.ENblOWb 

1 3              3       J 1            -25.«* 126.1               2 152.J        0.0 
2 6              0       6 1              37.1 l<».7              5 22.H       0.0 

•••   A^t^TU^ES  •■■"» 
&W£PTO-<E 7-AXIS     tt^t-<Ti, N£     MPC^TUKE 

APEHTUKC   SCCTIO-       TYPE PuSlTiUt        AUS •      ül/tMblurjb 
l 0.    1                1 U.i'                        1 4.b       u.O 
2 1     2                1 I2b.i>                 1 4.6       0.0 
3 2     3               1 126...                  2 6.<»      O.ü 

4 1     H               1 12J.Ö                 <♦ 6.H       0.0 
5 4     5               l 33.rt                 4 0.5       0.0 
0 5     b               1 Ib./               5 •♦.5       u.O 
7 5     7              1 2b. /                 6 O.b       O.Ü 
8 7  -1               1 <i5.2                 6 1.0        0.0 

•••   TUaES   ••• 

Tuet TudL K£iL root IMAC   TUrE dAFfLc 
HE TYPE ZI z? AXIS 01 itisSluus üIHE-ISIONS UKÜliP 
1 1 0.0 0.0 1 o.v        ti.i A.5       A.5 1 
2 1 0.0 0.0 A 6.4       b.« 
3 1 0.0 0*0 6 1 • 0        1. u 
A 1 0.0 o.o A lo.o    lo.u 

: 
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GUL^AP    II   KKÜo^M-i u2/l'*/n lb.^3.1j HAbE 

SYSTtH   TITLK   :   oAffLt'.   I   TLST 

dAFFLti   Üc..iIG,vl    1 rtHAT I'J'.      '.. 

♦ •<*   dArFLc   GkOUPi   »♦• 

biFFLt oArFLh NO.   OF 
GROUP     ^cCTiO.      TYPti Zl Z2        dAFFLti     f-Ulc^lALS 

1.6 1 0.&   l'cb.0 b 

{ 

: 

. 
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6AFFLt:   ÖES1&N   IlcWAlIO;     U 

1A.HJ.U HAGr^ 

•   »   «   «   »   *   bAFFLt.   wSOUP   SUI'^MKY   •   > # • ♦ # 

ÖAFFLL 
1 

3 

b 
b 

TYPt 
1 
i 
1 
1 
1 
0 

iNNtK 
Z ÜIhf.Mi»iONS 

ifb.J A,-*l        t.-»l 
bJtu b.3o        5.3n 
7b.:> S,ö2        1,*?. 

lOJ.«; 6.27       to.? 7 
l«eb.C 6.73       6.73 

! 

J 
j 

3 

] 

] 

J 

j 

i 
.J 
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16.^3.10 faUtrtAP   II   Mftüüi-'&H • Ü£/It//J 

bYSTc.-l   TITLE   :   -iArrLc:    I   TtbT 

•   »   •   lAiMO   CALCULATci)   Vlt"'   KACTU^   SUMMAHY   •   *   • 

PAoE 

CRITICAL AHt-T'JnLS 

3 
5   - 
6 
7 

APt^Tbkc: TO   -i^i^TUHr: 
0      1 ü 0 
1      0 I u 
0      1 0 1 
0     (; 1 J 

„SSUC,   i^h'KUK   NU'-^EK 

1 
i 

? 
0 

APt.^Tu-^F.   TO SLLTIU.. 

1      1      1   -1 u      j J 
-1      1      G      1 1      .- ti 

0 Ü     ü     u 1      1 j 
ü     0     D     0 1      ü I 

S£CTIJ i   TO   SCCTION 
1 1      0-1 J      o J 
I 1 vl 1 J ^ y 

0 0 1 u 0 0 0 

1 1 Ü I g 0 J 

0 0 0 Ü 1 0 J 
0 0 0 0 Ü 1 Ü 
0 u J 0 0 r •• 1 

D 
D 
f) 
D 
U 
0 
0 
D 
D 
0 
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1 
3 
1 

SYSTEM   TITLt   '   nAFKLt   i   TtST 

riAFFLE   ÜESIGK   ncr?«TIO'M     0 

•  »  «   «   •   KJCü-'I'MO  •'AYS  UcSCKiHTIOM   *  •  «  #   • 

SOINCE   TYPL..;..t   HOT'IT 
GftlU   f-f-TrEwi ncAMGOu'iL 
WlTri  üIFFCKESTI^LS 

fAGE 

1 
1 
1 
3 
1 
1 
J 
tu£| 

INITIAL VALUE  KlNML VALUC   iNC^tdENT 

X V*ALL'C. 

Y VüLOE -S.üOGÜö 
b.OOOOJ 
S.UOOüO 

SOURCE   ÜISTA^JCE   IS     ?7ö.0Ci00ü 

INTENSITY   CUTüFF   VALiJE   IS       ü.1WJ0I)-UH 

MAXIMUM  KcCü^SlOKi   LEVEL   IS 2 

FRACTIONAL   C0Vt»?lN6   IS Ü.öwwOJ 

«   «   »  »  «   OETECTOK   OEsCPIHTION   •   #  •   •   • 

DETECTv-<   PL* fc   CENTL-TIO   AT     -3w.7?AC6     -7.1üW6     '»S.iSö*^ 
ON   AXIS   Nu. ^ 
AFTLK   APEKTüKE   'JO. 8 

üETECTüK   NO. PüSITIOiM 
1 0.0 U.O 

4 

ha 

THf DETECTOP PLANE IS   « öY   o UNITS 
EACH D^IcCTUr: UilT MEASUKES    \J,?JO')0   dY 

THt JETLCTOP suoTtNSt: is     (j.:ibü-.i6 
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s 
I 
s 
i 
1 
I 
I 
I 
I 
I 
3 
1 
i 
I 
l 
1 

1 

SYST£K   TiTLli   :   OAPFLE   I   TrSl 

öMFKLE ÜtSlÖN  iTErr^TI'J.J   i, 

STHA^   LlGfif   IiiTt.-'^CTIÜN   L£VtL      1 

««««»a«   CRITICAL   SöriftCcS   *   *   «   v   »   e   » 

»«<*   TUitS   ***** 
TLHt      büLlü 

NO.      Hi^öLt üOIi\tTs 
3     Ü.IJ-OI -o.ivt ^--.nb;   -p.l.»   ^.co»   -S.IJ.   4'D.i6;   -b.iD«   45.1b? 
3     Ü.lu-Ol -it.fs., <♦», ibl-3i«7?«   ^S. lbt-Ji. y^,   b^.c-D;-^, 72»   OH.Oö; 

3     o.U-Ol -o.lv« r^.^b;   -o.l   *   ►jM.^oi   -a.i',   rn*,lbi   -b.lJ.   i^.tb; 
3     O.lU-ol "tftTetv -J^, Ib^-jl.//».   OH, lbi-Jl. 7^. 10 j.öti;-^v.72. lo3.b6; 

APLKTU-.L SULII.' 
nü.        SUE      ÄN'JLt 

1 0 . 3'J-^ ? 
poiurs 

2^.72»   -o. K.:-2y. 72»   -o. 10 ;-31.72,   -d.K 

bAFFLE   aAFFLt SULlD 
GC<0'JH        O.MT     SIDE      -iMOLE 

1 b        TOP      O.^O-l'^ 
POINTS 

-'♦.15,   -(J.j'Ji   -b.7H,      2.d3:   -9.26»   -ü.üü; 
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'•I 
1 

I0' 
:!1 

6Ut>AP   II   PWO^-M;-! • i»2/iH/'n 

SYSTd^   TITLE   :   dAFPti   1   TtST 

lt>.^3. i<J PAOt 

I 

i 

3 
I 
1 
1 
i 

1 

; I 3 
'■a 

SÜU«Ct:   PÜblTIut:: HHl =        i?.üü   'jt'jKt'ES 
ALP.-iA   =        O.u     OtOKEtb 

oETcCTur^ POSITION: A =     ö.U   Y =     o.u 

ÖAFFLE   uESIGii .ITdHATIOfj     J 

STRAY   Ll'orlT   I^Tikt-CT 10.1   LtVEL      i 

«««««»    UIM-IMNTLO  tNE-^vjY  hüHMa^y 

OETtCTOK  i^o-'ctrt     I 

»»«»-»« 

U^^AfJEO 
COMPONtfiT 

B^FFLc   UIPF^ACTIOJ 
oAFFLt   DIFFiJb£ 
BAFFLt   SPc.C'JL""< 
MlS-tO-y   'JlFFoSc 
Mlr^rrO^   bPcCUL-rf 
SPECUlMri   T-^OT 

SYbTf' 
üHDf 

Ü.tj 

v«170-0 6 

ü.-)An-ü3 

HülNT   SOÜkCE 
HiLjt.LjlO\  r<«Tl'J 

0.0 
0.0 
0.0 
0.330-0^ 
Ü.61Ö-13 
u.u 

TOTAL   SYSTEM 

ASSOi-'Lo  0ETcCT0-<   SUbTEf^SE   =     0.350-0o  STEKMOIMIO 

WAVELb.NüTM   =     Ü.Ü     MJCHOW-? 

TOT*-L   ifiCÜ-llNCi   ENt-KGY   =     0.i?5D   u^ 

CQM^OTATION   THkdsHOLD   =      O.ICO-J'» 

ITERATIVE   OIFFE^ENT IAI.   uATA: 
iMjMdLn   OF   ITEriAiTIG iS = ? 
AkEA   TnrVtS^JLO ■ n.oJ 
INITIAL    «IU I'JtK   OF   uIFF'b = 16 
FINAL   HUMotK   OF   DlrF'b = ^o 

CO'^OTc:   TIr-'£   =   :«,32ü   M   SECONüS   THIS  H^SS 
o.^30   '.-1   SECuiJUS   T.iTAL 

0.330-09 
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lb.A3.10 HAoE 

SOur-Ct.  HUilTi'jn:       r>Hl       =       3,^1)  uto^tts 
MLPHä   =        ^«u      ijt:.tWrIc.b 

DETLCT'j^   POSIT IJI:   X   =        'j.G      Y   =        (J.U 

BÄFt LL   Ocblo'^   ITLK^TIO.,     (. 

STH'AY   LlGnT   iNTtiKMCTlOj   LtVtL      1 

tr   «   »   «   «   4      (J.W.ANTLL)   £!NiLKOY   bUi-il-UnlY      ••»•«» 

DEThCljr^   i\Ü'-r£K      1 

UN V ANT EL) 

CÜMPüNErjT 

BAFFLE   L»IFFKACTIüig. 
BiirFLc   DlFFubc 
BAFFLE   S^EdJLuH 
Ml^^wK   'jlrFU'sc. 
MIHKOM   S^LCOL--" 

S^ECUL'«-'   T-^UT 

TOTAL   SYSTE-: 

AS»U-;tO   OETf.CTO-;   SJHTF ,bE   =     u»35."*-j^  STEHAU1<»I'.S 

WAVCLLE.'.OTH   =     u«ü     MICRONS 

T0T«L   l.JCU^Üib  E\E«ör   =     J.32U   ü2 

CO'-IP'JTMTIOIM   Tn-^ESnüLO   =      U.luO-uA 

ITEr-wTIVE   uiIFFftNTlAt   UAfAJ 
NU-'.rlEK   Or    IlctkTIO-'S = ? 
AKEA   TrtKES^Otl) ■ 0.80 
It.iri^L   r.'j ocr,   CjF   !., IFF^S = 16 

SY5TE POI JT bOUKClE 
H«L»F KtJECTlu'i   KATIO 

U.Ü U.O 
0.0 o.u 
0.3 0.0 
Ü.^?l)- •03 0.2iJ)-0^ 
Ü.Hü- ■Jd 0.b5ü-l5 
0.'« 0.0 

U.6P0- •03 ü.22D-0^ 

F iuAL   N'Ji^aEH   uF   iiir> «b '0 

CU'VuTE   Tl'-t   =   y.^-Dü   )\   StCONOS   T-IS   P-bS 
w.orJU   J!   bECOuUb   TOWL 

Reproduced   (rom |n^ 
best available  copy. 

I.i 

I J 

: 

j 
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MK7 

I 
?; 

^i 
5 I 

hi 

7: 
-i 

w 1 

1) 
11 
1?: 
13! 
!<*: 
15: 
1^: 
17 
1«! 
19! 
?0 
?1 
??: 
?3! 
?^: 
?Si 
?6i 
^7 
?Mi 
?9I 
lij 
11 
1?: 
13: 
la: 
IS: 
361 
37 
3H: 
IQ: 
40 
i.1 
a?; 

aa: 
<»5i 
4^; 
47: 

.4 (; 

SO 
S) 
S?: 
53; 
S^: 
SS: 

PERKINELMER 
11.1     INPUT DATA CARDS 

GUEMAM 

MA«?*   VII   TtbT 
1 *C«0*0«0«11 
^» 
-1H.» 18..-I*c»l>4. 
l3«13»Uf 1« 
l.F-.-S. 
1« 
»8t 
ü . . 0 . « ö , t 
2. 1« 
0 . • 0 . « 
.5..S» 
H» 
.?. 
,ÜI•34.0 äi 

4( 
1 »-lt-l« 
0.. i. »-S1.85» 
41 ,4. 

06/l?/73 li;2ö:57 

Report No.   11615 

f-AGE 

Iu.t0.t0, 

) .» 
.'. • 
1»l.-l ♦ 
0.t0#»lbl#96« 
170.y7» 
1.« 

l.-i.-l» 
fU«0»» 19,03« 

1.« 
?» 
).-l.-l« 
0.«0.»25.?S» 
4S» Si.99^99 
1 .« 
2« 
14, 
1, 0 » 1 » 0 »1« 
ü*«0*«0«« 
i 3»d« 
1.« 
1* 
I • S « ^ « 011« 
0 .« 0 . » 3 7. 7 
H.15» 
1.« 
1« 
-l«6t6«0*l« 
0.» ).t39.?. 
H,h5» 

1 .« 
1. 
- 1»4»5»0»I» 

D 
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56:   5.S» 
57:   1.» 
58:   i« 
59:   -l»3t4»«M» 
60:   0.*0.«19.* 
61:   4.5« 
6?:   !•« 
63:   If 
64:   -l*2f3*8«l» 
65:   0.«0.«11.3« 
66:   B.6« 
67:  1.» 
6a:   i» 
69: -l.l»?f0tl» 
70: 0.»0.»4.4» 
71: 8.6, 
72: 1.» 
73:   1» 
74:   I*7f3f6fl« 
75:  0.«0.tll.3« 
76:   7.395» 
77:   l.» 
78:   It 
79:   1»3»8»5«1« 
80:   0.*0.«19.t 
All   3.65» 
8?:   l.» 
83:   1» 
84*.   1»8»9»0»1» 
85:   0.»0.»25.26» 
«6:   1.» 
87:   1.» 
88:   1» 
89:   1»9«10»0»1» 
90:   0.*0.»39.9» 
91:   7.5. 
92:   1.» 
93:   1» 
94:   1»10»12»0»1» 
95:  0.»n.t4l.l« 
96:   2.2» 
^7:       . 
98:   1« 
99:    1»11»9»0»1» 

100:   U.tO.»25.26» 
101:   4.6» 
102:   Uf 
1031   1» 
104:   1»12»-1»0»1» 
105:   0.»0.»45.68» 
106:   2.2» 
107:   1.» 
108:   1» 
109:   7» 
110:   1» 
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111 1.« 
DP. t« 
113' 0..O..0.* 
1U5 1» 
us: 18.H. 
m* -.009?« 
117! 2« 
118! 0.<0.«0.. 
li » It 
1?0' 19.lt 
1?1 
I?? 7. 
i?3 Ü.»4.4tll.3»19.t2S.26»3ö.»37.7, 
l?U 0.«0.«0«t0.*0.«0.«0.* 
i?5 1» 
i?6l 1.« 
1?7 !• 
i?8 0.»0.»?5.2bf 
129) 1« 
1301 5,50001• 
111' 
11^! ?» 
133! 0.t0.«2S.26* 
13^. It 
1.151 S.S. 
13^' .14H1. 
137 H * 
13" ^5.?6.?b.bt27.b,3').8,32.8,35.B,37.7.39.2» 
139 <).*ei.«0.«0.«0.«U.«0.«0.« 
140 1» 
1^1 1.« 
U? 1« 
143 u.f r.» is»,» 
144 l» 
14S 4.b. 
146 .    .156?» 
147 :   ?♦ 
14« ;  o.t0..i9,. 
149 :   1« 
l^n '    4.OS» 
1S1 :   .054^, 
152 .    4« 
1S3 :    19.»20.b»22.»25.26. 
1^4 :   0 . *0 .«0.»0• * 
ISb I   1» 
ISf. t   1.« 
1S7 !     It 
IS« !   0 . ♦ n, « 4 , 4 » 
1S9 !     1 * 
160 !    H.6» 
IM :   0.» 
16? !    2» 
163 :   0 • « 0 • « 4 . 4 « 
164 :   1« 
16S !    b.S» 

PAGE J 

1 

I 
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i 
D 

0 
D 

166 

Ihh 
169 
17t) 
171 
17? 
173 
17^ 
17S 
17h 
177 
178 
179 

180 
Ifll 
1R? 
1H3 
iHi« 
las 
1«6 
1H7 
18« 
139 
I9ü 
191 
19? 
1^3 
l^i» 

1^5 
196 
197 
19« 
199 
200 
20 1 
202 
203 
204 
205 
206 
2ti7 
20 H 
209 
210 
211 
212 
213 
2U 
215 
21^ 
?17 
2m 
?19 
220 

<»« 
4.4,6.4t9,:i,l 1,3, 
u.*o.«o.«u.* 
1« 
1.« 
1< 
U.»0.»25.26« 
l< 
^♦.6» 
.1815. 
2. 
0. ;0.,25.26. 
1. 
5.5. 
.I'+Hl. 
8. 
25.26.25.8.27.8.3J.8.32.8.35.8.37.7.39.9, 
0.«').*0..0.«U.«0.«0.«0.t 
1. 
1.« 
I. 
0..0..19.. 
1. 
3.65. 
.05^6. 
1. 
1. 
!•« 
1. 
0 .,. 0 . , 41. 1 . 
1. 
2.2. 
C 
1 ♦ 
12. 
0. 1.1.7. 
k*1.7.6. 
«). 1 ♦ 6. 5. 
3.1.5.4. 
2.1.4,2. 
202.1.2.3. 
200.2.0.8. 
0.^.9.10, 
Ü.5.13,11. 
200.3.11.12. 
200.4.10.13. 
0.7.12.14. 
2. 
-1..-1.. 
n, 
-1..-1.. 
o. 
5. 
2.1. 
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??1 
??? 
??3 
??k 
??5 
??6 
??1 
?? < 

?30 
?.1J 
?^? 
?33 
?14 
?35 
?36 
?17 

?34 
?40 
241 
?u? 
?A3 
?^<* 

10«')« 
11 «3« 
13«<4« 
^. 
1«3« 

3«b. 
i»» 

1 « 2« 3«*♦«5«b« 
J«^«S«6«7«8« 
1«?.3«H«4,12, 
^«10« 
^«11«12« 
1«?« S«^«^«^« 
1«?«3«4«5«H« 
1«?«3«4«5«8« 
1«2«3«^»5« 
1 « ? « 3 ♦ ^ ♦ b« 
6» 
7« 
1 «2« 3«8« 
^«12« 
10« 
11« 
^♦12« 
'J« 

il 
l) 

i) 
(! 

0 
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PERKIN ELMER 
I 1.2     INPUT  DATA,   WITH   l-AKKLS,   AS   PUINTKD  OUT  UY CUliKAP   il 

Report No.  11615 

., 

; 

11 

i 
i. 

I 
i 

• 

; 

CP<S7USEWI0  SCHWtvtw )h/i2/n ll.^S.53 

INPUT TlTLt 
MftWK VII Tt.ST 
INPUT IOIFFR,lHSPEC,IbUlFF,lMSPEC»IMDTKFfI0PTN 
10     0     0     0     1 

INPUT INMOO 
b 

INPUT XbT»XFlN,YST«rFlN,ALPHAl»ALPHA2,rtETAl»BfcTA2« 
-H.00000  l^.OOOdO -IH.OOOOO  iH.üüOr-O   O.O     10.00000 
INPUT N»NN«NNN»NNNN 

13    13    11     1 
INOUT INTENSITY CuTuFF VALUE 
C.lOCOu-O^f 
INPUT MAXIMUM RLCURSlÜN LFVtL 

1 
INPUT FPöCflONAL COVERING UESIHEO 
n.HOOOO 

INPUT XI.)tT,YDET»ZiJEr 
U.O       0.0       0.0 

INPUT NUMbt'K UF UETtCTUn-s AND AXES OF ÜFTECTOK PLANE 
2     1 

INPUT K«Y POSITION OF UFTECTOW 
U.O       0.0 

INPUT X.Y POSITION OF UETECTOP 
O.SOOOO        0.50000 

INPUT   N^JINS 
H 

INPUT   ^IMSI7 
0.20000 

INPUT UlAREA.EFL 
0.0 1 GOO  34.0H00O 

INPUT NUMBER OF LOCAL COORDINATE SYSTFMS 

0.0 0.0 

1 
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INPUT   NUMBtK   OF   MIWROKS 

INPUT   MIWPOR   TYPE»   MIPKÜW   AND   RtFERENCE   AXES   NUMBERS 
1 -1 -1 

INPUT   *CENTR«YCENTR»ZCkNTR 
Ö.0 0.0 -S1.8S000 

INPUT   MIRROR   RADIUS 
91.^0000 

INPUT   MIRROR   REFLECTIVITY 
1 ,^000 

INPUT   HWQF   TYPE 
? 

INPUT   MIRROR   TfPE,   MIRROR   AND   REFERENCE   AXES   NUMdtRS 
1 1 -1 

I-JPUT   XCtNTR»YCENTR»ZCENTR 
d.O 0,0 lBl.t>«>000 

INPUT   MIRROR   RADIUS 
170,97000 
INPUT   MIRROR   REFLECTIVITY 

1.00000 
INPUT   HRDF   TYPE 

? 
INPUT   MIRROR   TYPE»   MIRROR   AND   REFERENCF   AXES   NUMbERS 

I -1 -1 
IwPUT   XCENTRtYCENTR.ZCENTR 

0.0 0.0 19.03000 
INPUT   MIRROR   RADIUS 

P^.P'SOOO 
INPUT   MIRROR   REFLECTIVITY 

1.00000 
INPUT   HHOF   TYPE 

? 
I^PKT   MIRROR   TYPE,   MIRROR   AND   REFERENCE   AXES   NUMBERS 

9 -1 -1 
INPUT   XCENTR.YCtNTRtZCENTP 

0.0 Ü.0 2b.?6000 
INPUT   MIRROR   RADIUS 
999.9^99 
INPUT   MIRROR  REFLECTIVITY 

1.00000 
INPUT   Hh»OF   TYPE 

? 

:: 

D 

: 

: 
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INPUT  WÜMBE» OF  APERTURES 
■ 14 

INPUT KATYP.KABACK.KANEXT.KOTHER.KAXES.KKEF 
1     C     1    0    1     0 

L INPUT CENTER POSITION 
0*0      0.0      0.0 

INPUT APERTURE DIMENSIONS 
18.80000   0.0 

*'       INPUT APERTURE REFLECTIVITY 
1.0000Ü 

INPUT WRDF TYPE 
1 

INPUT KATYP,KAÖACK,KANEXT.KOTH£R,KAXE<:.KREF 
el     5    ft    0    1     c 

INPUT CENTER POSITION 
0.0      0.0     37.70000 

INPUT APERTUWE DIMFNSIONS 
18.1S000   0.0 

INPUT APERTUKE REFLECTIVITY 
1.00000 

INPUT HRDF TYPE 
1 

INPUT KATYP.KABACK»KANEXT,KOTHER.KAXE«;,KREF 
-16     6     0     10 

INPUT CENTER POSITION 
0.0       f).0      39.P000Ü 

INPUT APERTURE DIMENSIONS 
8.65000   0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT HHDF TYPE 
1 

INPUT KATYP,KABACK.KANEXT.KOTHER,KAXESfKREF 
-1     4     5    Ü     1     0 

INPUT CENTER POSITION 
0.0      0.0     25.26000 

INPUT APERTURE DIMENSIONS 
5,50000   0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT rtkOF TYPE 
1 

INPUT KATYP,KABACK,KANEXT,KOTHER,KAXES,KREF 
-13     4    9     10 

INPUT CENTEP POSITION 
0.0      0.0     19.00000 

INPUT APERTURE DIMENSIONS 
4.50000   0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT HROF TYPE 
1 

INPUT KATYP.KABACK.KANEXT.«OTHER,KAXES.KREF 
"!     2    3    8    1     o 

INPUT CENTER POSITION 
O'0      0-0     U.30000 

INPUT APERTURE DIMENSIONS 
US.60000   0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

r-      INPUT BROF TYPE 
1 

INPUT KATVP,KABACK,KANEXT,KOTHER,KAXES.KREF 

■ 

D 

n 

"'     '     3    n    I    ft 
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INPUT CENTER POSITION 
0.0      0.0      4.40000 

INPUT   APERTURE   Oir^NSIONS 
8.6000U       0.0 

INPUT   APERTURE   «EfLECTlVITY 
1.00000 

INPUT HRÜF" TYPE 
1 

INPUT KATYP»KABACK*KANEXT»KOTHER»KAXES«KREF 
17     3     6     10 

INPUT CENTER POSITION 
0.0      0.0      11.30000 

INPUT APERTURE DIMENSIONS 
7.39500   0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT HWDF TYPE 
1 

INPUT KATYP.KABACK.KANEXTtKOTHERtKAXES.KREF 
1     J     8     5     I     0 

INPUT CtNTER POSITION 
0,0      0.0      19.0 0000 

INPUT APERTURE DIMENSIONS 
3.65000   0.0 

INPUT APERTURE PEFLECTIVITY 
1.00000 

INPUT 8RÜF TYPE 
1 

INPUT KATYP.KABACK.KANEXT.KOTHER.KAXES.KREF 
1     B     9     0     1     0 

INPUT CENTFR POSITION 
0.0       0.0      25.P6C00 

INPUT APERTURE DIMENSIONS 
1.0G0C0   0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT BRDF TYPE 
1 

INPUT KATYP.KABACK.KANEXT.KGTHER.KAXES.KREF 
1 C 1     9    10     0 

INPUT CENTER POSITION 
0.0       0.0      39.90000 

INPUT APERTURE DIMENSIONS 
7.50000   0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT «RDF TYPE 
1 

INPUT KATYP.KABACK.KANEXT.KOTHER.KAXES.KREF 
1    10    12    0     1    0 

INPUT CENTER POSITION 
0.0       0.0      41.10000 

INPUT APERTURE DIMENSIONS 
2.20000   0.0 

INPUT APERTURE REFLECTIVITY 
1.00000 

INPUT HrtDF TYPE 
1 

INPUT KATYP.KA8ACK.KANEXT.K0THER.KAXES.KREF 
1    11     9     u     10 

INPUT CENTER POSITION 
0.0      0.0      25.26000 

INPUT APERTURE DIMENSIONS 
4.60000   0.0 

INPUT   APERTURE   REFLECTIVITY 
i .nnnnn 
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I. 

INPUT 8R0F TYPE 
1 

INPUT KATYP,KA8ACK,KANEXT,K0THER,KAXE^K^EF 
1    I?    -1     0     1     o 

INPUT CENTER POSITION 
0»0       0.0      45.68000 

INPUT APERTURE DIMENSIONS 
2.200P0   0,0 

INPUT APERTURE REFLECFlVITY 
1.00000 

INPUT BRDF TYPE 
1 

I. 

! 

i 

: 

191 

■^■■^...,....„„.....MM.,..-, , ^^^.^^^^^^ 



»W»Wlipi!ifWfMW^^ PBPP»" ■i«iii.iii!.jiiftji wimmsmm*m. 

0.0 

INPUT NUMBER OF TUBES 
7 

INPUT AXIS NUMBEH FüK TUBE» AND RtFEWEMCE AXIS NUMbEP 
1     5 

INPUT RtFTUri 
1.00000 

INPUT PRÜF TYPE 
1 

INPUT XAb»YAB»ZAB 
0.0       0.0 

INPUT ITYPt 
1 

INPUT PAUIUS 
18.80000 

INPUT SLOPK 
-0.009?0 
INPUT IHAFF.IWCBAF 

? (< 
INPUT XAö.YABfZAtl 

0.0       0.0 
INPUT ITYPt 

1 
INPUT HdüIUS 
19.10000 

INPUT SLOPt 
0.0 

IN^UT (^AF 
7 

INPUT 7tt(I) »^l.MBAF 
0.0       '♦.^OOOO 

INPUT S(I)tI=l.MBAF 
0.0       0.0 

: 

0 %b 

11.30000  19.O0Ü0Ü  25.26000  30.00000  ?7.70000 

0.0 

25.26000 

0.0       O.o       0.0       0.0 
INPUT AXIS NUMBER FOR TUBE. AND WEFEWENCE AXIS NUMbtP 

1 0 
INPUT «EFTUH 

I.UOOOO 
INPUT WPOF TYPE 

1 
INPUT XAB,YAB»ZAb 

0.0       0.0 
INPUT ITYPt. 

1 
INPUT PAOIUS 

5.500iil 
INPUT   SLOPE 

0.2?3<»0 
INPUT   IBAFF»IWCBAF 

2 (i 
INPUT XAtt.YABfZAB 

0.0       0.0 
INPUT I TYPE 

1 
INPUT RADIUS 

5.50000 
INPUT SLOPt 
0.1^810 

INPUT MBAF 
a 

INPUT ZB(I),1=1,MBAF 
25.26000  25-80Ü0Ü  27,80000  30.80000  32.80000  35.80000  37.70000 
INPUT S(I)»I=l,MBAF 

0»0      0.0       0,0       0.0      0.0       C.&       0.0 
INPUT AXIS NUMBER FOR TUBE, AND REFERENCE AXIS NUMBER 

i    n 
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1 

n 

l 
: 

:: 

19.00000 

19,00000 

INPUT REFTUB 
IcOOOGO 

INPUT ÖRDF TYPE 
1 

INPUT XA8fYAB»ZAB 
0.0      0.0 

INPUT ITYPE 
1 

INPUT RADIUS 
4.50000 

INPUT SLOPE 
0.15620 

INPUT IBAFFflWCBAF 
2    0 

INPUT XAB»YAbfZAB 
0.0      0.0 

INPUT ITYPE 
1 

INPUT RADIUS 
4.05000 

INPUT SLOPE 
0.05460 

INPUT MBAF 
4 

INPUT ZH(I) »IMiMHAF 
19.00000  20.50000  22.00000  25.26000 

INPUT S(I)»I=l»MbAF 
0.0       0.0       0.0       0.0 

INPUT AXIS NUMBER FOR TUBEt AND REFERENCE AXIS NUMBER 
1 0 

INPUT REFTUB 
1.00000 

INPUT BRÜF TYPE 
1 

INPUT XAB»YAB»ZAB 
0.0       0.0 

INPUT IFYPt 
1 

INPUT RADIUS 
6.60000 

INPUT SLOPE 
0.0 

INPUT IBAFF.ItfCBAF 
2 0 

INPUT XAB.YAB»ZAB 
0.0       0.0 

INPUT ITYPE 
1 

INPUT RADIUS 
6.50000 

INPUT SLOPE 
0.0 

INPUT MBAF 
4 

INPUT ZB(I)»I=1,MBAF 
4.40000   6.40000 

INPUT S(I).I=1»MBAF 
0.0      0.0       0.0       0.0 

INPUT AXIS NUMBER FOR TUBEt AND REFERENCE AXIS NUMBER 
10 

INPUT REFTUB 
1.00000 

INPUT BROF TYPE 
1 

INPUT XABtYAB.ZAB 
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INPUT   ITYPt 
- tz -rvi   \:* trrrv    —     - - 

-, 

inmit   WADIüb 
«♦.hOOOO 

IMPUT   SL0P£ 
O.lRlbO 

IwPUT    IbAFF,IWCHA^ 
? n 

INPÜ1   X4ri»YAHfZAM 
0»0 0.0 <>5.26000 

II^PUT    ITYPt 
I 

INPUT   RADIUS 
5.50000 

IMSlfT   SLCPf 
Ü.14M10 

INPUT   MnAF 
8 

INPUT   Ztid) iI«l»Mt}AF 

•MO.'.T6.'?!.    ^:8"0^     ^7«80^n      30.H0'v^      32.80000      3S.Ö0r,00      37,70000     39.90000 

°,r' 0*0 0.0 0.0 0,0 o.O 0,0 0,0 
INPUT   AXIS   NUMBER  FOK   TUBE.   AND  HtFtRENCE   AXIS  NUMHEP 

1 U 
INPUT   PtFTUH 

l.OOCOO 
INPUT   HKOF"   TYPE 

1 
INPUT    XAHtrAdfZAb 

o.o 0.0 1^,00000 
INPUT   I TYPE 

1 
INPUT   ^AÜIUS 

3.6SO0O 
INPUT   SLOP*7 

O.US^C 
INPUT   IBAFFtlWCbAF 

1 r» 
INPUT   AAIS   NUMBER  FOR   TÜRE,   AND  REFEREMCE   AXIS  NUMbEP 

1 0 
INPUT   RhFTUB 

i.OOOOU 
INPUT   HKDF   TYPE 

1 
INPUT   XAb.YAöfZAb 

0." 0.0 M.loüOO 
INPUT   inrPr. 

1 
INPUT   RADIUS 

2.20000 
INPUT   SLOPF 

0.0 
INPUT    IriAFF,IWCBAF 

1 :• 

D 
:. 

: 

:; 

:: 

: 

; 
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¥ INPUT MUMrttP   OF   StC 
»■ 1? 

INPUT JTYPt.JSECTl« 
0 1             1 

« t INPUT JTYPE.JSECTl« 
^ I             7 

D INPUT jTYPt,JbECTl, 
n 1             6 

INPUT JTYPt:,JSfcCTl» 
3 1             5 

i. INPUT JTYPe.,JSECTl» 
;? 1             4 

INPUT JTYPEtJSECTl» 
20? 1             2 

INPUT JTYPE.JSECT1, 
200 2            0 

■ INPUT JTYPE»JSECTl» 
0 b             9 

i. INPUT JTYPE«JSECT!, 
U 5          13 

INPUT JTYPEtJSECTl» 
200 3          11 

INPUT JTYPttJSECTi, 
20 C 4          10 

INPUT JTYPF.»JSECT1« 
0 7           12 

TIONS 

»JöACK,JNEXT»JSECT2.JSECr3  OF   SECTION 
7 0 0 

♦JHACK,JNEXT»JSECT?,JSECT3  OF   SECTION 
6 0 0 

»JHACK,JNEÄT«JSECr2,JSECT3  OF   SECTION 
S 0 0 

»JriACK,JNEXTOSECT2,JSECT3  OF   SECTION 
4 0 0 

»JBACK,JNEXT.JSECT?,JSECT3  OF   SECTION 
2 0 0 

♦ JBACK,JN|EXT.JSECT2«JSECT3  OF   SECTION 
3 0 0 

»JHACK,JNEXT»JSECT2.JSECT3  OF   SECTION 
H 0 0 

♦JBACK,JNEXT«JSECT2,JSECT3  OF   SECTION 
10 0 0 

»JÖACK,JNEXT.JSECT2»JSECT3  OF   SECTION 
110 0 

♦JBACK,JNEXT»JSECT2»JSECT3  OF   SECTION 
12 0 0 

♦JdACK,JNEXT»JSECT2.JSECT3  OF   SECTION 
13 0 0 

«JBACK,JNEXT»JSECT2.J5ECT3 OF   SECTION 
14 0 0 

i 

1 
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INPUT NUMBER ÜF BRDF TYPES 
? 

INPUT GENERAL SPECULAR AND DIFFUSE MULTIPLIERS 
-1.00000  -1.000Ö0 

SET NO.   1 INPUT TABLES TO HAVE 
0     0     0     0     0 

MULTPLIERS 
0     0 

SET NO.=  1  TABLE NO.: 

SPECULAR REFLECTIVITY 0.0PS00  MAXIMUM INCIDENT AMGLE FOR TABLE=  20.00000 

?,00000 
^.5000ö 
3.00000 
4.50000 
6.00000 
13.00000 
37.00000 
40.00000 
S6.Ü0OOO 
61.00000 
180.00000 

0.14000 
0.11000 
0.05300 
0.02700 
0.01400 
0.00720 
0.00370 
0.001HÜ 
0.0009U 
0.0005Ö 
0.0003Ü 

SET NO.=  1  TABLE Nü.=  2 

SPECULAR REFLECTIVITY=   0.04000  MAXIMUM INCIDENT ANGLt FOR TABLE=  45.00000 

2.00000 
3.00000 
4.00000 
7.00000 
fl.50000 

25,ü0000 
70.00000 
180.00000 

0.28000 
0.14000 
0.06700 
0.0 3400 
0.01700 
0.00750 
0.Ü0380 
0.00170 

.: 

: 

SEs NO.=  1  TABLE NO.=  3 

SPECULAR REFLECTIVITY=   0.03500  MAXIMUM INCIDENT ANGLE FOR TAbLE=  75.00000 

1.00000 
1.20000 
1.30000 
1.50000 
2.00000 
3.00000 
4.00000 
8.50000 
19,00000 
75.00000 
97.00000 
180.00000 

1.10000 
0.B2000 
0.40000 
0.20000 
0.09800 
0.05000 
0.02500 
0.01200 
0.006Q0 
0.00400 
0.00320 
0.00230 

SET NO.=  1  TABLE NO. 

SPECULAR REFLECTIVITY: 

1.00000 1.10000 
1.20000 0.62000 
\ . innnn       n.&nnnn 

=  4 

0,40000  MAXIMUM INCIDENT ANGLE FOR TABLE=  90,00000 

-—■'■'■"■"•■■'■■---»n -■-'■'■ 
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1.50000   0.20000 
2.00000   0.09600 
3.00000   0.05000 
4.00000   0.02500 
8.50000   0.01200 
19.00000   0.00600 
75.00000   0.00400 
97.00000   0.00320 
160.00000   0.00230 
INPUT GENERAL SPECULA« AND DIFFUSE MULTIPLIERS 
-1.00000  -1.00000 

SET NO.   ? INPUT TABLES TO HAVE MULTPLIERS 
00000000 

1 

SET NO.=  2  TABLE NO.: 

SPECULAR REFLECTIv!TY= 0.95000  MAXIMUM INClütNT AN&LE FOR TABLE=  S(ü,0000 

0.75000 
1.50000 
2.50000 
3.50000 
4.50000 
5.50000 
6.50000 
7.50000 
8.50000 
9.50000 
12.50000 
17.50000 
25.00000 
45.00000 
180.00000 

0.00700 
0.00280 
0.00200 
0.00160 
0.00130 
0.00100 
0.00060 
0.00060 
0.00051 
0.00045 
0.00040 
0.00025 
0.00016 
0.00010 
0.00004 
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JMKUr    NCAH 

INPUT   CRITICAL   APERTÜkt   ANU 
? 1 

INPUT   CRITICAL   APERfUPt   ANU 
a ? 

INPUT   CRITICAL   APEHTUPE   AND 
10 0 

INPUT   CRITICAL   APERTUPE   ANU 
11 3 

If PUT   "KITICAL   APERTUPE   ANU 
13 4 

APE«»TU»e 1   SEES   APERTURES— 
? 0 0 0 

APERTURE 2   SEES   APERTURES— 
13 0 0 

APERTURE 1   SEES   APERTURES— 
? ^ 0 U 

APERTURE U   SEES   APERTURES— 
3 S 0 0 

APERTURE S   SEES   APERTURES— 
<♦ i> 0 0 

APERTURE 1   SEES   SECTIONS— 

&PERTURI: ? SEES SECTIONS— 
3^56 

APtWTURf '\ SEES SECTIONS— 
1^38 

APERTURE     H   SEES   SECTIONS— 
9 1(! 0 0 

APERTURE     ^   SEES   SECT'0MS— 
■~> 11 12 t- 

'^CTIOr       1   SEES SECTIONS— 
12 3 4 

SECTION     2   SEES SECTIONS — 
12 3 4 

SECTION     3   SEES SECTIONS — 
12 3 4 

SECTION     4   SEES SECTIONS — 
12 3 4 

SECTION     5   SEES SECTIONS — 
12 3 4 

SECTION     b   SEES SECTIONS— 
h i) 0 0 

SECTION      7   SEES SECTIONS— 
7 0 0 0 

SECTION     8   SEES SECTIONS — 
1 2 3 H 

SECTION     9   SEES SECTIONS— 
9           1? C 0 

SECTION   10   SEES SECTIONS- 
ID             Ü 0             0 

SECTION   11   SEES SECTIONS — 
11 0 0 0 

SECTION   12   SEES SECTIONS — 
9 12 0 0 

ASSOCIATEO   MIRPUR NUMHEKq 

ASSOCIATED   I^TRRüR NUMBERS 

ASSOClATEf»   MIRROR NUMdERS 

ASSOCIATE!")   MIRROR NUMdERS 

ASSOCIATED   MIRROR NUMdERS 

0 Ü 0 0 

0 0 0 0 

0 0 0 0 

0 J Ü 0 

0 0 0 0 

5 6 0 Ü 

7 8 0 Ü 

9 12 0 0 

0 0 0 0 

0 0 0 0 

S 8 0 0 

s 8 0 0 

5 8 0 0 

5 0 0 0 

5 0 0 0 

U 0 0 0 

0 Ö 0 0 

ü 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

:. 

., 

. 

.. 
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11.3     INPUT DATA  EXPLANATION 

'. 

: 

■■ 

The Input data to the Mark V~I 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 1. 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 viewabiltty of apertures and sections 

If another baffle,   aperture,   or any element should be added to alter the 

number of times any card is used,   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^ i.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. 

33 - 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 / 0. 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 --  0. 

109 - 200 The 1st tube has an imaginary input radius of 18.9 with a 

slope of -0.00920. This corresponds to the first baffle edge 

in a cylindrical tube of radius 19.1, and also serves as the 

1st 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 

innglnary 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 is 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 Is within the 4th »-•ibe (JTYPE = 4), is within the 

1st tube (JSECT1 = 1), has 7th aperture as its backward 

aperture (JBACK » 7), has 6th aperture as its forward 

aperture (JNEXT = 6), and no holes (JSECT 2=0). 

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 1st 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^ - 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:     l-2r  2-8,   3-10,  4-11,   and 5-13, 

, 

• 
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PERKINELMER 
11,4     SAMPLE   PROGRAM  OUTPUTS 

GUCRAP   II   PWOfiRAM 0t)/\^/^? ll.^b.^O 

SYSTtM  TITLE   :   MAhfrv   VII   TFST 

HAffLE   DESIGN   ITERATION      (• 

•»»«««»   OPTICAL   FOWM   DATA   »•«♦»»« 

••»   CÜÜWUlNATE   SYSTEMS   *«* 

Report No.   11615 

PAOE 

ö 
.; 

axis NO • OR I riIN AXIS TILTS 
1 0.0   U. Ü        0.0 0.0 0.0        0 .0 

••»   SECTIONS ««« 

SECTION SECTION CONTENT» •> 
SECTION TYPE 11 Z2 AX1 [ t.    Mil ?KüKS APERTURES TUBES 

1 0 •J.Ü 4.40 0 1 7 0 1  0 
d ^ 4.4Ü 11.30 I) 7 ö 0 1  4 
3 0 11.30 19.00 ü 6 5 0 1     0 
k 3 19.Ü0 2S.26 0 S 4 0 1  3 
o 2 25.26 37.70 Ü 4 2 0 1     2 
ft 202 37.70 39.20 1 ? 3 0 0     2 
7 200 y.oo 11.30 2 0 b 0 0     0 
1 0 19.00 25.26 0 0 10 0 6  0 
* 0 2b.26 39.90 0 13 11 0 5  0 

10 200 39.90 41.10 3 U 1^ 0 0     0 
11 20 0 2S.2b 25.26 4 10 13 0 0     0 
\? 0 41,10 45.68 0 1? 14 n 7     0 

»•» MJK RORS »«• 

APtKTDRE  MIWWOW CFNTEK VERTEX MIWROR MIRROR 
MIRROW SECTION   iMUMS     TYPE POSITION POSITION 1  AXIS DIMENSIONS 

1 *> 2 3 1 -51.9 39.ft i 91.4        0.0 
i 7 U S 1 182.0 11.0 i 171.0        0.0 
3 10 11 12 1 19.0 41.3 i 22.3        0.0 
h 11 10 13 0 25.3 1025.3 i 1000.0        0.0 

. I 

: 

-■ 

••»   APFPTUWES   «•• 
APEPTURt  Z-AXIS  APERTURE  APERTURE 

APEKTUkE SECTION TYPE POSITION   AXIS   DIMENSIONS 
1 0 1 0.0       1 I         IH.h 0.0 
2 S 6 37.7                 ] i    18.2 Ü.0 
3 6 6 - I 39.2                 1 Ö.7 0.0 
4 4 5 ~] 25.3                 1 5.5 0.0 
5 3 4 -1 19.u                 ] i     4.5 0.0 
6 2 3 -I 11.3                 1 I     8.6 0.0 
7 1 2 -1 4.4       ] I     8.6 0.0 
8 7 3 11.3                 1 I     7.4 0.0 
9 3 8 19.0       ] I            3.7 CO 

10 8 9 25.3                 1 L     1.0 0.0 
11 9 10 39.9                 ] I             7.5 0*0 
12 10 12 41.1       ] I            2.2 0.0 
13 11 9 25.3                 1 I     4.6 0.0 
14 12 -1 45.7                 ] I            2.2 0.0 

0 
■ 
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I     1. 

: 

"i 

GUEWAP   I!   PH06RÄM Ü6/l?/73 

SYSTEM   TITLf-:   :   MAr^K   VII   TEST 

RAFFLE   DESIGN   ITERATION     0 

••»   TUHES  *** 

11.4b.^0 PAGE 

fUBE TUBE HEAL   lUbt IMAG   TUBE BAFFLE 
Tu^te TYPE Zl I? AXIS DIMENSIONS UIMENSIONS GROUP 

i Ü.0 u.o W.l      19.1 18.e 18,8 1 
? 0.0 O.D S.S        5.5 5.5 5,5 2 
3 0.0 0,0 4,1          4.1 4,5 4,5 3 
4 0.0 0,0 6.S        6,5 8,6 8.6 4 
5 0.0 0.0 S,5        5,5 4,6 4,6 5 
h 0.0 0.0 J,7        3,7 
7 o.u u.o ?..'d        2,2 

♦•»   BAFFLE   GROUPS   ••« 

BAFFLt BAFFLE NO,    .)F 
GROUP SECTION TYPE Zl U WAFFLES MATERIALS 

1 9 0.0 37.7 7 
2 10 25.3 39.2 B 
3 11 19.0 25.3 4 
4 12 4.4 11.3 4 
S 13 25.3 39.9 8 
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11.4S.40 GUEWAP II PROGRAM Ü6/l?/73 

SYSTEM TITLE : MAKK VII TEST 

«AFFLE DESIGN ITERATION  ü 

•••••# BAFFLE GROUP SUMMARY «•••«* 

••• BAFFLE GROUP NUMMER   1 »«* 

PAGE 

INNER 
-(AFFLE TYPE Z DIMENSIONS 

1 o.u 18.HO 18.MO 
2 4.^ lfl.76 18.7f) 
3 11.3 18.70 18.70 
^ 19.0 18.63 18.61 
S 25.3 18.57 18.^7 
b 30.0 18.5? 18.^? 
7 37.7 18.45 18.45 

• • » BAFFLE GROUP NUMMEM 2   * >» 

INNER 
BAFFLE TYPE l DIMENSIONS 

1 25.3 5.50 5.SO 
<? 25.8 5.58 5.58 
3 27.8 5.88 5.HS 
4 30.8 6.32 6."»? 
5 3?.8 6.6? S.ft? 
b 35.8 7.06 7.06 
7 37.7 7.34 7.?4 
H 39.? 7.56 7.56 

• ♦ »   BAFFLE   GROUP   NUMBER 3   »*« 

INNER 
BAFFLE TYPE I DIMENSIONS 

1 1 19.0 4.05   4.05 
? 1 20.5 4.13     4.n 
3 1 22. u 4.21   4,?1 
•4 1 25.3 4.39   4.-JQ 

• «« WAFFLE   GROUP   NUMBER 4   ««a 

INNER 
WAFFLE TYPE I DIMENSIONS 

1 1 4.4 6.50   6.50 
? 1 6.4 6.50   6.5J 
3 1 9.3 6.50   6.50 
4 1 11.3 6.50   6.^0 

. 

. 
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I. 

D 

(jlJtWAP   II   PkOfjPAM 06/12/73 

SV^TtM   TITLt   :   MAkK   VH   TFST 

HAFFLt   DESIGN   ITERATION      0 

••»   BAFFLE   GROUP   NUMBER        b   »** 

iNNtK 
BAFFLE        TYPE           I DIMENSIONS 

1                    1 i        a^.i 4.60 4.60 
2                   1 l          2b.H 4.70 4.70 
3                 1 I           27,8 5.06 5.06 
^                 I I           30.B 5.61 5.61 
5                 ] 1           32.8 5.97 5.97 
6                  ] I           35.8 6.51 6.51 
7 37.7 6.86 b,f*b 
a I           3^.9 7.26 7,?* 

11.45.40 PAGE 

I 
I 

ID 

I : 

\ 
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