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FOREWORD 

This is the initial submittal of the Solar Pilot Plant Preliminary Design 

Report per Contract Data Requirement List Item 2 of ERDA Contract E(04-3)-

1109. The report is submitted for review and approval by ERDA. This is 

Volume II-Book 2 of seven volum.es. 

Readers of this report and users of the Central Receiver Optical/Thermal 

Model program, HELIAKl, Should ue cautioned that, R.lthough the program 

has been used considerably and appears to be relatively error free, some 

"bugs" may well remain. Further. since this program evolved over a period 

of time in a step-by-step updating of the model, some unu~;:;eu variables may 

also remain. Needless to say, the authors cannot take responsibility for any 

versions of the program which do not correspond exactly to the program 

listing in this repor( 
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SECTION 1 

INTRODUCTION 

HELIAKI is a FORTRAN computer program which simulates the optical/ 

thermal performance of a central receiver solar thermal power plant for the 

dynamic conversion of solar-gP.nerated heat to electricity. The solar power 

plant which this program simulates consists of a field of individual sun 

tracking mirror units, or heliostats, redirecting sunlight into a cavity, 

called the receiver, mounted atop a tower. The program calculates the 

power retained by that cavity receiver at any point in time or the energy into 

the receiver over a year1 s time using a Monte Carlo ray trace technique to 

solve the multiple integral equations. An artist1 s concept of this plant is 

shown in Figure 1-1. 

Heliostats are arranged in the field around the tower in concentric circles. 

The ground cover, ratio of mirror area to field area, is varied by changing 

the spacing between he liostats in either or both the radial or azimuthal direc­

tions. Figure 1-2 shows the heliostat modeled in this program. 

The receiver is modeled as an upright circular cylinder mounted atop a tower 

~nn hPlrl in place by three corLd::;. Sun rays trom various parts of the field 

(redirected by the heliostats) enter the receiver cavity through the aperture 

and impinge on the interior surface of the receiver. Some heliostats close 

to the tower cutout perimeter may reflect, for part of day, the power onto 

the receiver roof, whereas the power from some he liostats farther away may 

whistle-through the aperture. The methodology of the program accounts for 

these phenomena as well as many more subtle phenomena. These are des­

cribed in the methodology section of this manual. 
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Figure 1-1. Solar Pilot Plant 

Figure 1-2. Experimental Heliostat Assembly 
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Althoug~?- the Monte Carlo ray trace code described in this manual is quite 

·design specific. the general program methodology and structure has been 

applied to a wide variety of designs. In the area of central receivers. the 

program has been used to model a number of receiver types. including an 

exposed surface sphere. cylinder. half cylinder. star or cone shape. A 

variety of aiming strategies has been used for each of these possible con­

figurations. In addition, a planar target has been used for the tower top 

aperture opening when a cavity-type receiver is used. 

For the heliostat. both Az-El and tilt .. tilt gimbal sequences have been modeled. 

A single mirror facet per heliostat ·or multiple-mirror facets can be analyzed 

with either gimbal sequence. The code described in this manual has the tilt-

tilt heliostat model which is restricted to a fpur-mirror facet configuration 

by the modeling of the frame structure. If the specific frame structure were 

eliminated, the code can be applied to any number of mirror facets. including 

a single facet design. The field layout of the heliostats has also been varied 

with past program versions. Rectilinear. both uniform and nonuniform. 

heliostat spacing has been modeled as well as hexagon packing. The version 

used in the present code orients each heliostat such that the outer tracking 

axis is normal to a line of sight to the tower. Both uniform and nonuniform 

field packing densities can be analyzed with the pr·esent code. 

Other code versions have included options to p~rform flux mapping on a 

cavity aperture. a variety of mirror-focusing strategies. plant costing algo­

rithms. reflectance analysis by wavelength and incidence angle and several 

techni.ques for analyzing design change impacts on performance. This pro­

gram, however, is limited to the specific design described in this document. 

EvP.n though users of this program n1ay IJOt necessarily be acquainted with 

Monte Carlo methods, only an elementary explanation of the method is made 

Further, no attempt is made at a rigorous derivation or mathematical justifi­

cation of the vector identities or algebra. It is assumed any users are 

familiar with vector algebra techniques. 
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It is quite possible to obtain misleading results of the power or energy into 

the cavity by inappropriate .choice of heliostat tracking errors and mirror 

surface errors or by selecting too few sun rays to be traced through the 

optical part of the mod~l. However~ repeated use of. the program results in 

experience which is often the only'helpful clue to the proper choice of magni­

tude of tracking and surface errors and number of rays. 

Simulations are initiated by card input using the FORTRAN NAMELIST feature 

in a subroutine called INITCOL. All variables in the NAMELIST table are 

defaulted to a specific central receiver baseline model. Only those portions 

of the model which change from the baseline n'eed be input by car'd. 

It should be noted that units are· mixed. English units are used f~r all 

dimensions and geometric descriptions while the SI system· of units is used 

for the flux and energy descriptions. 

HELIAKI~ as listed in this report~ is operational on the Control Data 

Corporation 6600 Computer. 

40703-11-2 
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'SECTION 2 

BASIC FORMULATION · 

Given a position of a heliostat reiative to the receiver, the amount of energy 

.carried from any point on the sun's surface monochromatically at any given 

insta.nt depends on the exact path of the ray th·rough the optical interfaces ·of 

the sy"stem. These interfaces are the mirrors on the heliostats and the 

a:ctual "surface· of the recerver. 

The angle made by any ray with respect to each mirror surface is a function 

only of the angular position on the solar disk whence the ray came and the 

impact point on the particular mirror. 

Thus, for a!ly wavelength and perfect optics,. the energy carried from the _sun 

to the receiver surface can be found by specifying the four coordinates of the 

ray, independent of the number of optical elements in the. optics train. 

' 
If the sun's disk coordinates are i5

1 
~nd i52 and the impact point coordinates . 

are x
1
· and x 2, then the total thermal power absorbed in a wavelength interval 

dh. is 

(1) 

• 
where x

1 
and x2 are bounded by the actual surface extent of the mirror. 

To obtain the energy from the entire solar spectrum, integration over all 

wavelengths i.s required. This yields 
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mirror sun 
surface disk 

El' = J. I . I . J.] : E(Xl, X2, 61, 62, I..) dXl dX2 d61 d62 dl.. (2) 

"- xl x2 "1 "2 ___... 
total spectrum 

Introducing finite quality optics into the model introduces uncertainty in 
tracking accuracy and mirror quality. 

There are four uncertain optlcal parameters that are known only statisdcally. 

The first two parameters are uncertainties in the angular position of the two 

gimbaled tracking drives (a1, a2). The second two parameters are the 

angular uncertainties in the mirror surface normal at any point on the mirror 

surface (¢1, ¢2). We assume that each of thet:~e four -parameters is ota.tis­

tically independent of each.other or any other design parameter. For example~ 

a give.n error in the mirror normal is equally likely anywhere on the mirror 

surface. The mirror is not known as a continuous surface with smooth waves 

or ripp1P.R but rather al3 a probability distribution of mirror normals perturbed 

from the mathematically correct shape by an assumed probability distribution. 

For each statistically known variable, the distribution is understood to be a 

"normal" or "standard error" distribution. 

Now consider a random-variable Z defined by the normalized probability 

di~tribution P(Z). If we wished to calculate the mean v~lue of Z(=Z) or its 

expected value, we would form the integral of the product of Pz(Z) tlmes Z 

over all allowed values of Z, i.e., 

(3) 
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To simulate a specific error set ( o1 , o
2

, ¢ 1 , ¢ 2 )', one would have to evaluate· 

Then the expected value of the thermal power absorbed (:E ) is given by: 
p . 

EP = J J J J P~}WllP~ 2< 92lP~ 1<~ 1 lP~21~2lEp< 9 1·92 .~ 1'~2)191 d92~1 ~2 . 
01 °2 ¢1 ¢2 . (5) 

' 

because each distribution is statistically independent. The above expression 

is: 

Ep = J J f JP6 Pi~.~ P0 P~ f J J J JEd62d61cJ:<>.d!.cJG;2d;l1dil.ld91 
01 ~ ¢1 ¢2 . 1 . . 1 . 2 >.. ~ ~ Or ~ 

L.......,...--~ ..............,~ "'-v--' 
tracking mirror. total /" I sun disk. 
errors imper- sp?ctr~m 

fections mirror 
area 

(6} 

To calculate the total thermal power redirected from the field :>f heliostats 

onto the receiver, one sums over the total number of heliostats 

number of mirrors 

-
E 

i=1 

P· 1 
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. . 
F1.1rthermore, integration over the total number of hours of sunlight during 

any given time period results .in the expression 

WT = J ET dt (8) 

time period 

The stochastic nature of four of the independent variables in the ten- .integrals . . ~ 

of Equation (8) and the prime objective of performing a parametric study of . 
the performance pf the s;ystem led to the decision that the experimental 

Monte Carlo· approach w~s more suitable to the problem. 

0 
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SECTION 3 

METHODOLOGY 

Basically, the premise of the method used to solve Equations (7) and (8) of 

the previous section is a :vionte Carlo technique. Any Monte Carlo computa­

tion that yields quantitative results may be considered as estimating the 

value ~;f a multiple integr~. The< simplest Monte Carlo approach is_ to ob­

serve random numbers, selec"ted in such a way that they directly simulate 

the physical rand.)m processes of the problem at hand, and to deduce the 
~ 

required solution from the behavior of these num~ers. In this program, 

that process involves the incident flux on the receiv~r over the direct solar 

flux on the heliostat field being equal to the convergent ratio of. randomly 

drawn rays which reach the receiver divided by the total number of rays 

drawn uniformly over the heliostat field. Appropriate scaling of each ray 

value for reflectance and absorptance losses, tracking and reflective sur­

face errors, etc., is included in the Monte Carlo simulation. <. 

The simulation is accomplished by randomly selecting a sufficient number 

of sun rays to statistically represent the sun's intensity pattern as seen 

from the earth's surface. Solar limb darkening and atmospheric losses are 

accounted for. These same rays are allowed to impinge upon the entire 

heliostat field randomly and are reflected to the receiver should they strike 

. a properly aligned reflecting surface. The rays drawn must represent the 

sun's power at that time so each ray is given a relative weighted value as 

a function of the time and the number of rays drawn. If annual energy is 

being calculated then each ray carries the appropriate amount of energy. 

The general program flow to follow the physics of each interaction of in­

dividual rays through the optics train is shown in Figure 3-1. All executive­

level tests are shown in the flow chart, from the mirror hit test to the 

receiver hit test. A number of check points along the ray path are not shown 
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Figure 3-1. Optical Model Software Logic Flow 
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in this figure but are documented in Appendix A where detailed subroutine 

flow charts are presented. The interested reader is directed to these flow 

charts for a thorough understanding of the program. Each test of a specific 

ray -interaction is accomplished using ray trace techniques. Given any one 

randomly determined individual ray start point, the ray may be traced to 

the ground or to a mirror or frame surface. If a mirror hit is found the 

individual ray is traced to its final destination. 

The ray trace technique uses vector algebra to track each ray along its 

optical path. The following subsections describe the primary steps in the 

vector derivations, as well as the basic modeling philosophy. The sections 

are ordered to follow the actual program flow. 

BASE VECTORS 

The basic reference vectors in the ray trace code describe local vertical 
~ _. ... I 

(N), local north (UN) and local east (UE). Each of these vectors is a unit 

vector and the set ('N, UN, UE) is an orthonormal triad which can he thought, 

of as originating at the tower center. Variations in the direction of these 

vectors with respect to position on the field are not considered. Thus, the 

heliostat field is assumed to be a flat plane tangent to the surface of the 

ear·Lh at the tower base. Figure 3-2 shows the fieid and reference vectors 

as well as a sun vector (UR). 

The sun vector is simply a unit vector along the ray path from the sun's 

center to the point on the earth's surface at which the tower is located. The 

sun vector is considered to be the same over the entire plane of the heliostat 

field. This introduces an error of less than 1 minute of arc per mile of 

distance from the'tower base. 
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Each of the reference vectors and the sun vector is calculated in subroutine 

VECTS. The vectors are calculated based on an initial vector triad located 

at the earth's center. However, the construction of all other vectors re­

quired in the ray trace analysis depends only on the (N, UN, U-E) triad and 

the earth center triad can be ignored. 

HELIOSTAT FIELD MODEL 

One of the first steps in the Monte Carlo simulation is the uniform draw of 

ray start points over the heliostat field. Specl.fically, points are drawn 

uniformly over· an imaginery surface which covers the field of heliostats 

called the test plane .. If the mirrors were allowed to assume all possible 

rotatio~al attitudes, they could occupy all poin(s within a cylinder centered 

around the heliostat center. If all such cylinders were bounded by planes 

tangent to the top and bottom of each cylinder, ·the test plane would be the 

upper plane and the ground plane would be the lower plane. ~igure 3-3 

shows an edge view of this. Once a ray start point is drawn, the trace of 

the ray from its start point on the test plane to its terminus on the ground 

plane can be found. The ray start points are drawn in subroutine MONTE 

or MONTE2. 

Figure 3-4 shows that only those heliostats which are "close" or "along" 

the ray trace from the test plane to the ground plane. could be involved in 

redirecting the ray. It is important to limit the number of "hit tests" (sub­

routine INillT) to be numerically performed on each ray to those heliostats 

which lie along the ray path. Clearly, if all heliostats were tested for a hit 

for each ray drawn, the run time would be prohibitive. A simple algorithm 

performs the identification of the few (nominally 10) heliostats which can 

interact with the ray. 

.40703-II-2 
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· The identification algorithm (subroutine FINDIT) is based on two facts: 

• The cylinders of influence of the individual heliostats 

do not overlap each other. 

• The heliostat center locations can be uniquely and quickly 

identified. 

Consider a top view of the test plane with a typical ray path drawn (see 

Figure 3- 5). In this example, the heliostat boundaries on the field are shown 

as portions of circle arcs and radii. For our purposes the heliostats are 

simply numbered from 0 to 8. Heliostat number 1 is bounded by radii r. and 
. 1 

ri+1 as well as a boundary equidistant between heliostat number 0 and 1 and 

1 .to 2. The top view of the ray path shows that only heliostat number 4 can 

actually intercept the ray and redirect it toward the tower. The ray trace 

program uses a simple search along the ray path to identify the center of all 

closest heliostats from ray start to end. The search for closest centers is 

based on the zone boundaries and not the· cylinders of influence. For· the 

P.xample in Figure 3-5, this implies that heliostats 1, 2, 4 and 6 will be 

included in the list for possible hits. 

The method used to develop the hst of hellol::ltab:l is tu first find the closest 

heliostat to the start point. Then the closest heliostat to the end point is 

found. If the closest heliostat to both the start and end point is the same·, 

then the list is complete. We also have the case, as shown in Figure 3-4, 

where start and end points are closes to different heliostats; The program 

will then divide the ray path into many points and find the closest heliostat 

at each of these points along the ray path. The spacing of the test points 

along the line is not critical as long as it is less than.one heliostat boundary 

dimension. When this test sweep is complete, the code has found a list of 

one, two or perhaps many different heliostats which could redirect the ray. 
The requirement that the heliostats cannot overlap guarantees that there are 
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no other heliostats which could redirect the ray. This list of closest 

adjacent heliostats is more heliostats than could physically be involved ·with 

the ray. 

It would be possible to further reduce the list of heliostats to be tested by 

using the distance formula to rule out any heliostats for which the closest 

ray approach lies outside the cylinder of influence. This was not done in the 

program because the distance formula requires as much computation time 

to execute as does the hit test itself and would add more complexity to the 

code. 

HELIOSTAT ITIT TEST 

The next step in the process is to test all heliostats on the list of possibilities 

for a mirror hit. To establish a mirror hit or miss, the mirror normal must . . . 

· be constructed. This is done with knowledge of the sun vector, UR, and the 

mirror position and aini point relative to the tower base. As shown in Figure 

3-6, a heliostat to be tested is at a position defined by the center coordinates 

X .... Y , where the X axis lies along local ·eal:s-t aw.l Y is positive along local 
' 1,. (", . 

north. A vector from the heliostat center to the aim point on the aperture 

opening can be written as 

..... T'f"'h - - -
T = -Xc u-8 - Y c UN+ (TH-D ~01/2) N + i5 (9) 

where 0 is a small vector from the tower top cente.r out to the aim points 

(calculated in subroutine AIMP.l-'). · A unit vector pointing from the hellostat 

center to the aim point is 

(10) 
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~ ~ 

Using UT and UR the heliostat normal must be formed to redirect incoming 
. ~· -

rays along UR on the path to the aim point. UT. This is shown in Figure 3-7. 
. ~ 

The mirror normal, UMN, is simply 

____... _. . _. ... 
UlViN = (UT- UR) I \UT - UR\ (11) 

as calculated in subroutine MIRRN. 

The heiiostat geometry used for all hit and blockage tests is shown in 

Figure 3-8. Honeywell's baseline heliostat consists of four mirror facets 

mounted on a single frame. The frame can be rotated about an outer axis 

tO provide one tilt of the mirrors and an inner axis drive for each facet 

provides the other tilt function. The inner axis drive for all facets is pro­

vided by one ~otor such that the inner rotations are the same for all facets. 
1 . ' 

However, the program does have an option to independently drive each inner 

axis (a separate motor for each facet). 

The nominal mirror normal,. UMN shown in Figure 3-7, is constructed as 

described above for the heliostat center position. This mirror normal is 

later rotated for a specified toe-in strategy (explained later) but, for the 

purpose of establishing a mirror h~t the nominal mirror normal is assumed 

to be the normal for each facet. In addition to the mirror normal, a vector 

along the heliostat outer <~.xiR P.::~n hP. spP.cified from knowledge of the heliostat 

center coordinates. The tilt-tilt baseline heliostat is oriented such that the 

outer axis is normal to the line of sight to the tower. This orientation is 

shown in Figur~ 3-9 and is considered advantageous with regard to mirr~r 

blockage losses and off-axis facet misalignment. Using this orientation rule, 

a unit vector along the outer axis ·is given by 

-UHV = (Y UE - X UN) I fy 2 + X 2 
c c v c c 

(12) 
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The remainder of the vectors needed to describe the heliostat frame and 
_____,.. -

nominal facet orientations are found from UMN and UHV (as calculated in 

subroutine TRIADS). Ref~rring to Figure 3-8, the vector along the inner 
-~ 

axis of each facet is UAXV, which is constructed by 

. ~ ~ -~ -----llo. 

UAXV = UMN x UHV / \UMNx UHV\ (13) 

The vector normal to the inner axis of each facet, a.D:d lying in the plape of 
___,... . 

the facet is UXV2, which is simply 

__ :>.. ___ ..... __, 
UXV2 UAXV x UMN (14) 

The last vector needed to define the frame orientation is UBEDN, the normal 

to the top plane of the heliostat frame as found by 

. "' __ :::.. __ :::., 
UBEDN = UAXV x UHV (15) 

Finally, the heliostat hit test can be most easily thought of as a series of 

four individual u:d.rror fo.oet hit test::;. The geometry for each uJ.ir_ror hit 

test is shown in Figure 3-10, where 1 is the diameter of the cylinder of 
co ' 

influence, (X , Y ) are the ea::st and north ooordi:n::~tes of the ray start point 
..-...:.. p ,P , . 

cmr'l TT.R is the sun vector . 

. 
(Xp' y p' 0) 

START POINTk~ 
~ UR · .-.-- - ~-- l-- -TESTPLANE '- u"Mt _..,,. . 

HELIOSTAT _}Y _,,.,.,.· .- · neol 

.(Xc,Yc) ~ j_ . . _._ - - I - - -. - -- -- --GROUND PLANE 

HIT POINT 

Figure 3-10. HIT Test Geometry 
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The vector from the start point to the hit point on the plane of the heliostat 

is given by 

.. -VR = UR L (16) 

where L is an unknown length from the start point. to the hit point on the 

plane. 

Recall ttiat any line not parallel to a plane must intersect the plane (not 

necessarily within the heliostat mirror boundary) at one and only one point. 

Thus, there will always be a real value of L. We can also write a vector 
---loo.. 

fromthe ray start point to the center of the test facet (to be called VC), 

which is given by 

.. - .... ... ___....::. . 
VC = UE (x -x ) + UN(y -y ) + N D l/2 - Dt t UHV. (17) c p c p co es 

where (U-E) is a unit vector along the local east direction (positive east), 

(UN) is a unit vector along local north (positive north) and (:N) is the unit 

normal to the earth surface (vertical up positive). The Dt~st term is the 

distance from the heliosta~ center to the test facet center. 

... - . . 
Since both VC and UR go from the same point in space to the surfa~e of a 

plane normal to Ui\ifN they must have the same projected length along UMN 
even though they do not enter. the UMN plane at the same point. Thus, we 

can write the identity 

VC·UMN=~·UMN (lR) 

and substituting Equation((16) into Equation (18) we have 

... ..--=- _,;» ~ 

VC · UMN = L UR · UMN (19) 
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which is a scalar equation for the unknown L. Now that we know the vector 
VR we can calculate where VR touches the plane relative .to the mirror 

facet center. 

The vector in the mirror surface plane from the center of the fac~t out to 

the point where the ray hits the plane is given by 

- - -RRIF = VR- VC 
..... ... 

= L UR .- SC (20) 

The hit test is completed by simply comparing the hit point coordinates, as 
~ ---calculated from RRIF, to the facet boundaries on the UMN plane. The order 

of heliostats tested in this way is from the ray start puint to tho end point. 

Thus the first time a hit is found the ray is redirected. Succeeding facets 

and heliostats (if any) are also tested and any hits are added to the shadow 

count. 

Since the mirror facets are held in plat:~ by a frame e:tructt.1re !=IS prP.viously 

shown .. it is possible that the frame may shadow the mirror surface. For 

any ray which is found to hit a mirror surface, the program will check fur a 

prior hit on the frame structure. The frame modeled in the ray tra~e code 

consists of two "I" beam side supports, three "I" beam cross members and 

f!nglf! iron braces in the top frame plane. Figure 3-11 shows a sketch of 

the frame without mirror facets and some of the vectors required to test fur• 

a frame shadow. The "VS" vectors start at the ray start point un the test 

plane and extend tu a point on the frame corrP.sponding. to the middle of one 

of the seven different plane:::; defined by the "I" beam ntructure, For P-xample,. 

the vector VS5 goes from the ray star~ point (Xp' Y p) to the middle ·of the 

plane defined by the vertical member of the first "I" beam cross member. -- . 
Similarly, the VSl vector goes from thP start point to the middle of the top 

plane as defined by the top oiece of all "I" beams and the angle iron braces. 

The construction of the "Vs" vectors required for the frame shadow test is 

given below: 
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- - - TEST PLANE <X y ) 
p, P START POINT 

FRAME 

- ------- - - - --GROUND PLANE 

Figure 3-11. Heliostat Frame Model 

--VSl = (X -X ){JE + (Y -Y )UN- DC20L N- HTMIR UBEDN 
c p c p 

-VS2 

(21) 

(22) 

vS4 c vsl - HTCR.OS UBEDN (24) 
2 

__::. _.... --..:. 

VS5 = VS4 - XDF UHV . (2 5) 

-.....:. ---=- ~· 

VS6 = VS4 + XDF UHV (2 6) 

- ::.. . VS7 = VSl - HTCROS UBEDN · (27) 

Where the definition of the scalar dimensional quantities may be found in 

Appendix C. 
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A fra.rile hit test follows the logic of the mirror hit test very closely. Each 

plane of the frame structure is defined by a: plane normal vector already 

constructed by our definition of the heliostat orientation vectors. For the 

top. and bottom planes, UBEDN is the plane normal.. For the vertical mem­

bers of the 11111 beam cross braces, the plane normal is defined by tfHV and 

the side structures vertical member's plane normal is UAXV. 

As an example of the hit test, consider the frame top plane. A vector from 
. --the start point to the sun ray hit pulul on the pla.ne is I. lTR.. Af!J in the mirror 

~ ___.. 
hit tP.st we have two vectors, L UR and VSl, which start at a single location 

in space and end on a plane With kuuw-n surfnoo norm~l. in thi;:: case UBEpN. 
-.:a 

The length L from the start point to the hit point along the sun vector UR is 

found by 

-.-211 ,._:.:.,. 

L UR · UBEDN = VSl · UBEDN (2 8) 

which is a scalar equation for L. The vector from the plane center point 

(1) to the hit point is 

--·-··~ ~ _ ..... 
RRI'I' = -VSl + L UR (29) 

Then for an x, y coordinate system centered at point 1 of Figure 3-11, the 

coordi.nates of the hit point are: 

-- ~ XHIT = RIDT • UHV (30) 

aud 

-~ 

YHIT = RIDT · UAXV (31) 
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where UAXV is a unit vector along the facet axle and UHV is a unit vector 

along the heliostat outer axle. A simple check is made to determine if_the 

ray .hit a frame by comparing the values of XHIT and YIDT to the dimensions 

of that portion of the frame. Again th·e order of the heliostats tested in this J 

way is from ray start to hit point. Thus, the first time a frame hit is found 

it is compared to the mirror hit to determine which came first along the ray 

path. If a frame hit is found prior to the mirror hit, then a frame shadow 

exists. If no frame shadow exists the ray will be reflected from the mirror 

su·rface. 

REFLECTED RAY 

To this point, the analysis has not involved the finite 'size of the sun or the 

tracking uncertainties of the heliostats. This simply means that the ray has 

been traced from its uniform draw start point to the mirror or the ground. 

Physically this means that we have ignored the finite size of the sun and the 

tracking errors in the shadow analysis. The finite sun and finite tracking 

errors tend to "blur" the edges of the mirrors and the edges of the shadows 

somewhat when taken on average over the whole field. 

If at this point in the flow, one of the heliostats on the list of possibilities has 
~ __, 

in fact tested out to have a hit, we proceed to perturb UR and UMN for the 

finite sun size, the tracking errors and the mirror surface slope uncertainty. 

To begin the perturbation process a ray start point is drawn over the sun's 

face. The simplest case of this is the assumption that the sun is a "flat" 

disk of brightness in the sky. The plot of this is shown in Figure 3-12. The 

uniform draw over a disk is simply a uniform draw over the polar coordinate 

(0) and a weighted draw over p (see Figure 3-13). 

·The weighted draw over p comes from the fact that more rays must be drawn. 

in the annulus p to p + dp at large values of p than at small values of p. Another 
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way to cohsider this is to plot the s~n' s energy from 0 out to p versus p (see 

Figure 3-14). The formula for this curve is simply 

(32) 

where ET is the total energy from the sun's disk and p is the maximum max 
angular extent of the sun. 

Thus, if we want to draw uniformly over lhe area of the disk, we simply 

draw uniformly over the abscissa (energy axis) of Figure 3-11 and Egm=ttinn 
. ' 

(32) is inverted to find the ordinate value (p) which we want. Thns, if we 

draw the random number x
1 

uniformly from 0 to 1 then the value of p for 

each :x:1 is given by the inverse of Equation ( 32) or 

p = p -rx;1 max (33) 

The (B) coordinate is found from another (independent) uniform number x
2 

drawn fr'?m 0 to 1 by 

(34) 

-- ---If we arbitrarily define two axes iii the l:luu face (UX 1 , ux
2

) then thl:' rnt::'l.tion -::~.ngles of UR about these axis (.6.a., .6.02 ) are shown in Figure 3-15, which 

are giveu by 

(~6) 
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--. ~ 

Thus, we can perturb UR into UR' with 

.-::. 
UR' (37) 

The three-space drawing from which this can be derived is sbown in Figure 
~- ~ ___.. 

3-16. Notice that (UR, UX1, .UX2) form an orthonormal triad. 

This_is all the vector algebra necessary to incorporate the .finite sun size 

into the analysis. The computer code includes a limb-darkening option and 

an option with limb darkening and scattering outside the geometric sun 

perimeter. 

The process we have outlined here is the same for both of these options 

except that the weighted draw of pis weighted 'in such a way that the draw is 

again uniform over the new solar disk energy distribution. This ·involves 

plotting brightness versus angular distance from the sun's center and inte­

grating energy as before. Then, the integrated energy curve is curve-fit 

and the fit function is inverted. This. inverse function (analogous to Equation 

( 33) is then the basis for the draw. 

---The next step in the trace process is to perturb the unit mirror normal UMN 

for the uncertainties in heliostat tracking (subroutine PERT3)·. This involves 
' --a first rotation of UMN about an axis (the outer axis) which is not normal to 

it. The essential vectors were previously described as the heliostat orienta­

tion vectors as shown in Figure 3-17. The rotation for outer axis tracking 
_.-., 

errors is a rotation about the UHV vector. The triad used for this rotation 
---··---' ·-· .. ~ _____ , . 

is (UBEDN, UAXV, UHV) as shown in Figure 3-18. The rotation (tracking 

error) is shown as £l <f>t and the rotated heliostat orientation vectors are 
------~ -. ---~ 

shown as dashed vectors UB:t;UN' and UAXV'. The vectors are constructed 

by 
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ANGLE FROM CliNTER (~ 

Figure 3-12. Ray Start Point 
Plot 

Figure 3-13. Uniform and Weighted 
Draw 

ENERGY 

ANGLE FROM CENTER (p) 

___. 
UX2 

Figure 3-14. Energy Plot Figure 3-15. Rotation Angles 

Figure 3-16. Three-Space 
Drawing 
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. I 

-:-:-:UB:-::E=D~N. UBEDN 

OUTER AXIS ROTATION 

UAXV 
I 
I 

.J m· 

~ 

UHV 

Figure 3-17. Heliostat Orientation Vectors 

. .\. ~ 

UBEDN 1 = cos 6~ UBEDN + sin 6~ UAXV 

0 ~ ·---=~ 
UAXV' = cos·~~ UAXV - sin 6~ UBEDN 

Next, the eff.ect of this rotation on the nominal mirror normal must be 
., .. . ·-----" .---l, 

developed. Referring to Figure 3-18, the UMN and UXV2 vectors must 

(38) 

(39) 

-- _.),. ---=::. 
rotate around UHV. With the rotation about UHV the components of UMN 

---" ~ . 
and UXV2 along UHV are unchanged. The magnitude of the projections of 
~· ---lo 

UMN and UXV2 onto UBEDN onto UBEDN and UAXV are the same as the 

projections onto the rotated frame normal and inner axis vectors, UBEDN' 

and UAXV'. 

Reference·back to Figure 3-17 may aid in clarifying this fact. Therefore, 

the rotated vectors can be written as 
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~ ~ .-:. - ___.... 
UMN I = (UMN. UHV> UHV + (UMN. UBEDN) UBEDN I (40) 

--=~>~ -- ~ ---=:. ----=:. • 
UXV2 1 = (UXV2 • UHV) UHV + (~2 • UBEDN) UBEDN 1 (41) 

The second rotation is for tracking errors about the inner axis. The angular 

error is denoted as 6¢2. The rotation in this case is 'about the vector UAiV 1
• 

Only the vectors associated with the mirror facet must be rotated. These 

vectors (UMN 1 and tJXV2 1
) and the rotation are shown in Figure 3-19. The 

fully rotated vectors are 

~ ~ _....:r.. 

UMN " = cos 6¢2 UMN 1 + sin 6¢2 UXV2 1 (42) 

~ _..:::. ~ 

UXV2 11 = cos 6¢2 UXV2 1 
- sin 6¢2 UMN 1 (43) 

The error angles (t::.¢
1

, 6¢2) are drawn at random with a normal distribution 

(standard error distribution) having a mean and variance specified by the user 

of the program. If the details of the heliostat drive mechanism can be more 

accurately modeled a distribution of error angles which more nearly matches 

the reality of the system could be substituted easily for the normal distribution. 
d 

Recall that the derived UMN 1
' vector is the nominal mirror· normal at the 

optical axis of the hellostat. In other wor·ds, it del!cribes the position of an 

imaginary mirror facet located at the heliostat geometric center. The actual 

normal for any one of the individual heliostat facets differs slightly from this 

normal in that each facet may be toed-in, or canted slightly toward the helio­

stat center to improve the total heliostat focusing ability. A possible toe-in· 

alignment is shown for a side view in Figure 3-20. The program may develop 

a toe-in angle, E\, for each facet of each hellostat in the field (subroutine 

TOEIN). The toe-in angle is specified by a reference sun position foi" which 

all mirror facets in the field are aligned to redirect incoming rays as nearly 

as possible to a single focal point. Given the toe-in angle for a specific 

mirror facet, the facet center normal and tangent vectors arc constructed by 
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OUTER AXIS ROTATION . 

Figure 3-18. Rotated Heliostat Orientation 
Vector 

INNER AXIS 
ROTATIQN 

----A. I 

UMN 

___... 
~---,...._-~ uxv 2 

,;· 

·.~ r 

""-... II 

"- UXV2 

--- -- . Figure 3-19. · UMN and l.JXV2 Rotation 

I 
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__::a. --::.. _____::.. 

UMNi" =coset UMN II+ sin et uxvz II (44) 

UXVZi II = COS 8t UXVZ II- Sin 8t lJMN II (45) 

This represents a simple rotation of the mirror facet orientation vectors 

about the inner axis and is quite similar to the rotation for tracking errors 

on the inner axis. 

The mirror normal at the hit point on the facet surface is found from knowl• 

edge of the facet shape. For the baselir1e tilt-tilt heliostat, eaCh .facet has a 

spherical surface which focuses at a distance li's such that the radius of 

cilrvature is 2F . The facet surface and required vectors are shown in· s . 
Figure 3-21. Recall that the vector from the facet center to the hit point, 
~ ·-· 
RHS, was found in the mirror hit test derivation and was previously called 
____... 
RRIF. By ignoring the small displacement between the hit point indicated by 
____., 
RHS and the actual mirror surface location, the mirror normal at the hit 

point. (UNN ") can be found by 

liNN II= <-ruls + 2F fiMN. ">I<RHs + 2F ~. "> . s 1 s . 1 
'(46) 

Neglecting the small displacement can be thought uf at:; .r.uudeling the facet 

surface as a fresnel mirror so that each element in the mirror is approxi­

mately in a single plane normal to the nominal mirror normal. 

.A l.o~al facet tanient vector is constructed as follows: 

TI = RHs - (RHs . UNN 11
) UNN II (47) 

and a unit vector tangent to the mirror surface at the hit point. is 

(48) 

40703-11-2 



----UTT'' 

3-25 

-FOCAL 
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~ 

NOMINAL UMN" 
MIRROR 
NORMAL. 

HELlOS TAT CSIDE VIEW> 

--->.II 

;

FACET CENTER 
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Figure 3-20. Heliostat Optical Model . 

•• 

HIT POINT ~ORMAL 

___,. 
UNN 11 

FACET CENTER NORMAL 

FACET SURFACE. 

RHS 

Figure 3-21. Heliostat Facet Vector 
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To complete a triad at the hit point, a second tangent vector is found by 

(49) 

The next and final perturbation of the heliostat mirror normal is the angular 

rotation which represents mirror surface irregularity. The sketch of this 

perturbation is shown in Figure 3-22. The final, fully perturbed mirror 

normal vector is called UNNP aud is given by 

-=- . ~ ~ 

UNNP = cos 61 UNN 11 +sin 6
1 

(cos 62 UTT 11 +sin 6
2 

UT2 11
) (50) 

where 62 is drawn uniformly from 0 to 360 degrees and 6
1 

is drawn with a 

normal distributi~n having a specified mean and variance. Physically, what 

this last perturbation means is that the mirror surface normal is locally out 

of alignment with the average normal by _an amount 6
1

• The plane in which the 

6
1 

rotation occurs is eqdally likely to occur in any direction around the local 

azimuth. Recall that at this point in the ray trace we can find the position on 
.-..:.. 

. the heliostat of the ray being traced from the vector RRIF. With this we 

could include a perturbation of the normal which was a function of position on 
. ' 
the heli.osta.t surface. Such a position-dependent variation could be a gravity 

or wind load deflection. If the wind forceB and deflections were known only 

stochastically, this also could be included in the ana1ysis. The code, to 

date, has not been modified for these types of local errors. 

The reflected ray vector can now be calculated from the mirror normal 
_..::. 

UNNP and the sun vector URP. The vector algebra simply obeys Snell's 
. -Law as shown in Figure 3-23. The reflected ray unit vector US1 is 

(51) 

~ 

Thus, the USl vector represents a ray path which includes the effects of a. 

finite sun size, imp~rfect tracking drives, a facet toe-in strategy, and mir­

ror surface imperfections. 
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----a. II 

UNN ~ 
UNNP E FINAL MIRROR NORMAL VECTOR 

AT THE HIT POINT 

..__lll 

~--~--------~UTT 

Figure 3-22. Mirror Normal Perturbation 

--· UR 

HIT 
POINT 

;I\ 
I \ 

I \ 

' \ 
' \ .......... ' \ ~ 

' USl 

--- -- _,., 

Figure 3-23. Reflected Ray Vector 
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BLOc;KAGE 

The next check point along the ray path is to determine whether or not the 
__..::... . 

. reflected ray (USl) passes cleanly out of the mirror field. The first step in 

this process checks for a block by another mirror facet on the same helio­

stat as the hit facet, or by the frame structure which supports the facets. 

The blockage test for mirror facet is much the same as the mirror hit test 

already described. The test consists of finding the intersection of the 
~ ~ 

reflected ray US 1 with the plane of another mirror facet with normal UMN. 
. -For the purposes of deciding whether or not USl is blocked, we ignore the 

effect of the small error rotations on the mirror normal vectors. This 

results in translations on the order of inches while pertinent facet dimen­

sions are on the order of many feet. 

The geometry for a mirror blockage test is shown in Figure 3-24. The 
~ . 

vector XC starts at the middle of the hit facet and goes to the middle of the 

test facet. If the unknown length of the vector from the incoming r.a§ hit 
-.a. . 

point to the outgoing ray (USl) blockage point is called L, then our basic hit 

test formulation for L is 

_.;..., ~ ---lo.. - _....:.... 
L USl •. UMN = (XC-RHS) · UMN (52) 

from which we can easily solve for the length L. The y.ector from the test 
. ~ 

facet cent~r to the blockage puinl is RRB, which, by simple fector addition is 

~ __..::... ---:::... ____..:=. 

RRB = -XC + RHS + L USl (53) 

The blockage test is completed by comparing the blockage point coordinates 
. ~ . 

as defined by RRB to the test facet mirror boundaries. If a block is found, 

the blockage test is completed. If no block is found on any test facet then 

we proceed to check for frame blocks. 
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--- TEST PLANE 

TEST FACET 

-- -- --GROUND 
PLANE 

Figure 3-24. Mirror Blockage Test 

The frame block test is again similar to the frame hit test and the method 

will not be repeated here. If a frame block is not found the program will go 

on to check for blockage by neighboring heliostat mirror facets or frames. , 

These tests logically follow the procedures already discussed. The first 

step in the procedure is to find the list of all neighboring heliostats which 

could block the ray. The closest heliostats are found for a ray path extend~ng -from the mirror hit point to the test plane along USl.. As for incoming rays, 

the list of closest heliostats is developed by checking first the start and end 

point of the closest heliostats. For the blockage list, the first heliostat is the 

hit heliostat. If the last heliostat is the same as the first then no blockage by 

adjacent hcliostats is possible and the procedure is terminated. 

When other heliostats are in the outgoing ray path,_ the code checks one by 

one for blocks. with mirrors blocks checked first and frame blocks second. 

Tests for hit points are by now familiar to the reader. One brief example 

here should sufficiently describe the blockage test for adjacent heliostats. 

For instance. a block by the frame of a neighboring heliostat is shown in 
--.::. 

Figure 3-25. On this example, the incoming ray (UR) hits the facet on the --far left of the first heliostat and the reflected ray (USl) is shown to strike 

the adjacent heliostat frame on the vertical plane of the near side "I" beam. 
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Figure 3-25. Frame Block by Neighboring Frame 

The "~" vector from the hit point to the center of the test frame plane is 
__..:a. I ,..._.,~,..'· • 

VS2. The length of the vector along USl from the hit point to the blockage 

point is L such that 

~. ~ 

L USl · UAXV = VS2 • UAXV (54) 

where UAXV is normal to the test plane in this example. The above equation 

is solved for L and the vector from the test plane center to the blockage point 

(RHIT) is 

~ ~ 

RHIT =- VS2 + L USl (55) 

~ . \ 

By checking the end point of RHIT against the dimensions of the frame side 

member a block or no block is determined. If the blockage tests are com­

pleted and no blocks are found, then the redirected ray has cleared the test 

plane and can be checked for receiver hits • 
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RECEIVER HITS 

Two routines~ CONE and PIPE, are us.ed to determine whether or not the ray 

hit the receiver and if it hit, where on .the receiver the hit occurred. If the 

ray misses, another is drawn and the process starts over. If it hits, the hit 

total is incremented and sorted out by location on the receiver to obtain flux 

maps of the receiver surface. The ray trace code keeps track of the final 

ray disposition at the receiver by aperture misses high, misses wide or 

misses low, .. corbel hits, rays going through and cavity wall or receiver hits. 

The cavity aperture is defined as a portion of a cone of angle a , and a cone . c 
radius, R cone, at a set height up the aperture (HTQT /2). The nomenclature 

is shown below. 

R CONE 

PORTION OF 
CAVITY 
APERTURE 

APERTURE LOWER 
..___ BOUNDARY <DISC>" 

The cone can be located anywhere in space as defined by an orthonormal 
~ __.. .. .. ' 

triad (UN, UE, N) and vector D from the origin of the ray to be tested to the 

center of the lower disc of a cone frustum. Figure 3-26 shows the cone 

extended infinitely,· and the test ray. 'the cone ver.tex is defined to be at 

height z where z is the distance along the cone axis such that z = 0 at the 
0 . 

lower aperture dlsc. Then z ls calculated as 
0 

z = HTOT 
0 2 

Rcone 
tan ac 
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Figure 3-26. Cavity Aperture Cone 
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• 

The ray to be tested for a hit is USi and unit :vector N is required to be along 

the cone axis. 

The vector algebra for the cone hit test needs the formulation of two other 

, vectors which define a hit plane normal to the cone axis at a height zhit' the 

distance from z = 0 to the test ray entry or. exit point. The vector from the 

lower aperture disc center to the hit plane along the co.ne axis is simply zhit" 

N and the vector from the hit plane center to the actual· test ray hit point is 
____,. ____,. 

defined as RHIT. From simple vector addition RHIT is, 

~ -.....::..~ ..;a, 

RHIT = -AL USl + D + Zhit N (57) 

where AL is the distance from the test ray origin to the hit point on the cone. 

There are two hit points and thus two hit planes and hit vectors which will be 

solved for in the algebra. For now, only one hit point, defined by one set of 
.__...;,. 

RHIT, AL and zhit is carried. 

Vector RHIT has a magnitude defined by the height of the hit plane from the 

cone vertex. 

I R.1ITT I = (Zh.t - Z ) tan () 
. l 0 c 

(58) 

____,. ~ -~ 

or since the magnitude of RHIT is defined by RHIT · RHIT; 

I RHIT 12 = RHif · RHIT 

= {Zh.t - Z >
2 

tan
2 

() 
l 0 c 

(59) 

---Using Equation (57) for the vector RHIT leaves one equation with two un-
. ~ 

knowns: Zhit and AL. This distance AL can be calculated since both AL US! 

and (D + Zh.t N) extend from the same point-in space to the surface of the hit 
1 .. ~ ... .. 

plane with unit normal N. Therefore, both AL USl and D + zhit N must have 

the same projected length along N. Expressed algebraically, 
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(60) 

. 
Equations (57), (59), and (60) can be combined to yield a quadratic in Zhit or 

AL. Substituting for AL gives: 

2 - -2 2 
zhit [1/(USl· N) - 1 ... tan ec 1 

+ zh.t f2<n· :N> !<USi· :N>2 - 2(USi· n> /rust. :N> + 2 z tane 1 
1 . 0 c 

The solution of the quadratic gives the two piercing points (entry and exit) of 
' ' 

the test ray with the cone. Imaginary roots indicate that the test ray failed 

to hit the c·one. The entry and exit heights of the test ray are all that is 

required to determine if the incoming ray hit a corbel, went through the 

aperture, missed the aperture opening high or low or is a valid ray entering 

the cavity opening. 

The subroutine PIPE is used to determine the hit point of rays entering the 

cavity, which is a right circular cylinder. When a hit is established, the two 

piercing points on the cylinder are computed and this information is used in 

the cavity wall flux mapping routines. The general method for finding the 

hit points is established below. 

A right circular cylinder of radius RCTI- c_::: be ... located anywt:ere in space 

as defined by the orthogonal triad set (UN, UE, N) and vector D from the 

origin of the ray to be tested. Figure 3-27 shows the cylinder and test ray 
... --- . nomenclature. Unit vector N is along the cylinder axis and USl is the ray to ... 

be tested for hits on the cylinder. The vector D must go from the test ray 

~rigin to the center of the cylinder. The plane defined by (UN, UE) at the 

terminal point of D is the reference height along the cylinder (z = 0). 

40703-II-2 



z = 0 -'------''----

-J.,N oN 
UE 

Figure 3-27. Cylinder and Test Ray 
Nomenclature 

The vector algebra for the hit test requires that two other vectors be defined. 

First, a vector from-the center of the reference plane to the cent~r of a hit -plane is defined as VUP. Figure 3-27 shows the vector for one of the hit 

planes. There are two hit planes, one at height z
1 

for the ray entry point 

and another at hei~ht z 2 for the ray ex_it point •. For the ray entry test plane, 

(62) 

The second vector required is from the test plane center to the hit point on 

the cylinder. This vector is 

(63) 
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~ 

wher·e the test ray (USl) must be a vector of unit magnitude. The distance 

from the test ray origin to the hit point on the cylinder is defined as L],. This . . .-...::. .. ____.. 
distance can be calculated since both L USl and (D + VUP) extend from the 

same point in space to the surface of the test plane with normal N.' Under 

these conditions both L usi 'and (D'+ VTI'P> must have the same projected length -along N, therefore: 

.___:. ... .. ___.. ... 
L

1 
USl• N = (D + VUP)· N (64) 

or - - ... .. .(D.+ z
1
N)•N 

Lt = USi. N. (65) 

By substituting L
1 

from Equation (65) into Equation (63) we obtain 

(66) 

. ~· . 

Since RHC goes from the axis of the cylinder to the hlt point, it must have a 

magnitude equal to the radius of the cylinder. 

~ ,__., 2 
RIIC· RIIC r.1 R l . cy 

-Substituting RHC from B:{uation (66) into Equation (67) yields a quadratic in Z 

(67) 
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The solution of the quadratic yields the heights z
1
. and z2 of two piercing 

points of the test ray. Imaginary roots indica~e that the :r:ay failed to hit ~he . 

cylinder. The distances L1 and L2 may be found from Equation (65) and the 
~ . 

RHC vector~ from Equation (6~). For cavity wall flux maps it is necessary 

· to determine the location of the hit points in terms of local coordipates on the 

test plane. A scalar x and y may be found by 

_..... -
x = RHC · UE 

~ ·-y = RHC ·UN 

This x. y system is shown in Figure 3-28. the x axis being along UE and y 

along UN. The zoning of the cylinder is more commonly.done in polar coordi­

nates so the FORTRAN passes the angles a1 and a2 from they axis to the hit 

points. 

ENTRY POINT <x; , v ,> 

---X 

Figure 3-28. Test Plan Coordinate. 
System 
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APPENDIX A 

SUBROUTINE DESCRIPTIONS AND FLOWCHARTS 

This appendix includes a description of all subroutines in the program with 

an associated program logic flowchart. The description of each subroutine 

is given on the same page as the flowchart to aid in understanding the logic 

flow of each. 
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AIMPP 

DETERMINE 
APERATURE 
CONFIGURATION 

RETURN 

A-2 

CALCULATE 
AIM POINT 
VECTOR 

RETURN 

.,, 

AI MPP calculates a . 
_vector from the he I iostat 
to the receiver aperature 
opening such that the 
heliostat will redirect the 
sun image to miss the 
corbels. 

Figure A-t. AIMPP Program .b' low 

40703-11-2 
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CHECK R 

FOR 3 VECTORS A, B, .. 
AND C, CALCULATE 

DOT PRODUCTS OF .. - - -
A AND B, A AND C .. .. -
BAND C, A AND A 
BAND B, c AND c 

IS THE 
ABSOLUTE VALUE 

OF THE 
DOT PRODUCTS 

A ANO B, AAND cOR 
BAND E> 0 

? 

IS THE 
ABSOLUTE VALUE 

OF THE 
DOT PRODUCT 

OF A AND A, BAND B 
OR C AND C 

> 1 

A-3 

CHECK R tests orth~ 
normall.ty of a vector triad 

PRINT 
ERROR 
MESSAGE 

PRINT 
ERROR 
MESSAGE 

RETURN 

RETURN 

Figure A-2. CHECK R Program Flow 

.. 
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CONE 

- SET UP QUADRATIC 
EQUATION COMPONENTS 

SOLVE FOR REAL ROOTS 

CALCULATE INCIDENT 
ANGLE OF RAY AT 
HIT POINTS 

A-4 

CONE determines the hit point of a re­
directed ray with the cavity aperture 
modeled as a portion of a cone. The -
piercing ~olnts (entry and exits) on the 
cone are found by solving a quadratic. 
Imaginary ·roots lndlcate that the ray 
mlued cone. . 

RETURN 

RETURN 

Figure A-3. CONE Program Flow 
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. •. 
-DOTER 

CALCULATE THE 
DOT PROOUCT 
OF THE TWO 
INPUT VECTORS 

A-5 

DOTER computes the dot 
product of tw() vectors. 

Figure A-4. DOTER Program Flow 
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( FDRIVE 

• 
CALCULATE VECTOR FROM 
HELIOSTAT CENTER TO 
HIT FACET CENTER 

A-6 

....... --1:~. CALL AIMPP 

,, .------'""'N"__z ____ ......,_ 

CALCULATE UNIT VECTOR 
FROM HIT FACET CENTER TO 
THE AIM POINT <AIM VECTOR> 

PROJECT THE SUN VECTOR AND 
THE AIM VECTOR INTO A PLANE 
NORMAL TO THE FACET PLANE 

CALCULATE MIRROR NORMAL 
IN THIS PLANE 

CALL CROSS 

( RETURN ) 

-

FDRIVE sets up the hit 
facets vector triad for . · 
hellostats with Indepen-
dent facet drives. The 
facet Inner drive axis Is 
rotated to a position such 
that the redirected beam 
Is as close as possible 
(Ignoring tracking errors> · 0 

to the desired aim point • 

Figure A-5. FDRIVE Program Flow 

40703-11-2 



INITIALIZE RAY 
START POINT 

SAVE CLOSEST 
HELIOSTAT CENTER 

SAVE THE CLOSEST 
HELIOSTAT <CENTER> 
TO THE RAY END 
POINT 

INITIALIZE RAY START 
POINT AND HIT HELlo­
STAT CENTER 

A-7 

SAVE THE CLOSEST 
HELIOSTAT !CENTER> 

. TO THE RAY ON 
POINT 

BEGIN ITERATION OVER 
NUMBER OF CHECK 
POINTS ALONG THt:: 
RAY PATH 

Figure A-6. FINDI'I' Program Flow 

40703-11-2 

FINDIT generates a list of 
mirrors that lie along an 
Incoming or outgoing ray 
path. It performs thl s 
function by calculating 
which mirrors could 
Intersect the incoming or 
outgoIng ray between a 

. test plane and the ground 
plane. 



BEGIN ITERATION 
OVER SAVED 
HELIOSTA T CENTERS 

SET TEST HELIOSTAT 
C:ENTER 

CALL INHIT 

SAVE HELIOSTAT 
CENTER LOCATION 

INITIALIZE HIT 
COUNTERS 

A-8 

INCREMCNT SHADOW 
COUNTERS 

SAVE HIT HELIOSTAT ..._ _ _.. FINDIT C 
VECTORS 

Figure A-6. (Continued) 
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BEGIN ITERATION TO 
CHECK FOR FRAME 
SHADOWS 

SET TEST HELIOSTAT 
CENTERS 

CALL MIRRN 

CALCULATE OUTER 
AXIS VECTOR FOR 
TEST HELIOSTAT 

CALL TRIADS 

CALCULATE FRAME 
VECTORS 

CALL FRAME 

A-9 

Figure A-6. (Continued) 

407oJ .. n-2 

RETURN 



FINDIT B 

BEGIN ITERATION OVER 
SAVED HELIOSTAT CENTERS 
TO CHECK FOR FRAME BLOCKS 

A-10 

SET TEST HELIOSTAT CE~TERS 

CALL OFFBLOC 

SET FRAME BLOCKAGE 
COUNTERS 

SET BLOCKAGE 
COUNTERS 

NO 

Figure A-6. (Concluded) 
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RETURN 



A-ll 

INITIALIZE FRAME PARAMETERS 
SET VECTORS DEPENDING ON 

a) FRAME SHADOW 
b) FRAME BLOCK ON SAME 

HELIOSTAT 
c) FRAME BLOCK ON OTHER 

HELlOS TAT 

COMPUTE FOR THE SEVEN 
PLANES OF THE FRAME 

CALCULATE DISTANCE FROM CENTER 
OF PLANE TO THE HIT POINT ON 
THE PLANE 

SET 
DISTANCE 
TO 1010 

SET FRAME HIT FLAG TO INDICATE 
WHETHER HIT IS ON SAME OR • 
DIFFERENT HELIOSTAT 

NO 

DETERMINE THE SHORTEST DISTANCE 
TO THE HIT AND IN WHICH PLANE 
IT OCCURRED 

FRAME calculates the 
distances from the centers 
of the seven planes of the 

. frame to the Intersection 
of the ray with those 
planes. It determines then 
whether or not the ray 
Indeed hit the frame and ' 
Increments the appropriate 
counter. 

INCREMENT 
FRAME PLANE 
HIT COUNTER. 

Figure A-7. FRAME Program Flow 
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Figure A-8. HELIAKI Program Flow 

HELIAKI Is the controlling 
program. Depend! ng on 
the program options select­
ed. HELIAKI calls the 
appropriate routine to 
perform: 
~. A lima l"nlnt 

simulation 
b. A time Integration 

simulation 
c. Both a time point 

and time Integration 



PRINT 
FACET 
SUMMARY 

NO 

INCREMENT 
FACET HIT 
AND OFFBLOCK 
COUNTERS 

YES 

A-13 

INITIALIZE 
SUMMATION 
ARRAYS 

RAY IS CLEAN AWAY, 
INCREMENT FACET 
HIT AND REFLECTED 
RAY COUNTERS 

Figure A-9. HITFAC Program Flow 

40703-II-2 

HITFAC keeps track of 
which facet ;. ray hits on a 
given hellostat, It per­
forms thIs functl on for 
Initial hits, as well as for 
shadowing and blockage 
counting. 
HITFAC can be called in 
one of three modes: 

a. lnltlallzatlons 
b. Calculation and 

summation 
c. Output 

\ 

I 



CALL MTRRN 

CALL TRIADS 

PERFORM ITERATION 
OVER NUMBER OF 
FACETS 

CALCULATE VECTOR 
FROM RAY ORIGIN ON 
TEST PLANE TO TEST 
FACET CENTER 

FIND INTERSECnON OF 
INCOMING SUN RAY AND 
PLANE OF THE TEST FACET 

RECORD HIT 

A-14 

NO 

NO 

INHIT determines the hit 
point, if any, on a hello­
stat, and which facet was 
hit. It determines hit 
points by a basic hit test 
of an Incoming ray with 
a mirror facet plane. 

RETURN 

Figure A-10. INHIT Program Flow 

. 40703-II-2 



YES 

INITIALIZE VARIABLES 

INITIALIZE RANDOM 
NUMBER GENERATOR 

CONTINUE VARIABLE 
INITIALIZA liON 

CALL VECTS 

NO 

CALL INTEN 

A-15 

COMPLETE OUTPUT 
OF OPTIONS 

CALL AIMPP 
<INITIALIZE> 

BEGIN OUTPUT 
OF OPTIONS 

CALL POLSP2 

INITIALIZE AIM 
POINT VARIABLES 

CALL MOON 
(INITIALIZE> 

INITIALI7F: APF.RTURE 
CONFIGURATION 

~igure A-11. INITCOL Proeram Flow. 

40703-II-2 

INITCOL performs the fol­
lowing functions: 

a. lnltlallzatlons of 
variables 

b. Initialization of the 
random number 
generator 

c. Input of program 
options 

d. Output summary of 
program options 



. 

( I NT EN 

( ,, 
CALCULATE DAY OF. 

o YEAR BASED ON 
DATE INPUT 

--

,, 
CALCULATE DIRECT 
NORMAL INTENSITY . 
FROM CLEAR MODEL 

-, lr 

(RETURN) 

A-16 · "-

INTEN calculates the direct normal 
Intensity for a given month, day and 
hour of the year. The Intensity Is 
based on a clear air model using 
ASHRAE data for exoatmospherlc · 
Intensity. · 

Figure A-12. INTEN Program Flow 
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\ 

LIMDR 

COMPUTE INTENSITY 
ACCORDING TO ONE 
OF THREE METHODS 

A-17 

LIMDR calculates the Intensity distri­
bution of energy across the face of the 
sun. There are three options: 

a. Flat sun 

b. Sun with limb darkening 
and solar radiations 

c. Sun with limb darkening 

Figure A-13. LIMDR :rrogram Flow 
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' 

( 
... 

) ·MIRRN 

·-~r_ 
..... -. ··- ..... - .. 

' CALL AIMPP 
. . ··~ •. . 

' -~ lr .. . . . . . 

.. 

.. 

MIRRN Calculates. a mirror normal given 
· the sun vector the heliostat location 
and an aim point. 

CALCULATE VECTOR -FROM 
HELIOSTAT CENTER TO 
THEAIM PUINl 

.. 
. . ... .... 

.. .. 
... ... . .. . . . 

CALCULATE A UNIT 
V~CTOR:IN. THE SAME 
DIRECTION ' 

. , .. . .. ... 

~, 
... .. ····· 

CALCULATE THE 
MIRROR NORMAL 
VECTOR 
.. 

~· ... 

CALCULATE A .UNIT 
VECTOR IN THE SAME 

. DIRECTION AS THE . 
MIRROR NORMAL 
VECTOR 

--

,, 
(.RETURN 

Fig:ure A-14. lVILRRN Program Flow 
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NO 

INITIALIZE CAVITY 
DIMENSIONS 

CHECK TO SEE IF 

A-19 

CALCULATE VECTOR FROM MIRROR 
HIT POINT TO A REFERENCE HEIGHT 
UP THE CYLINDER AXIS 

' 

SET 
COUNTER 

SET 
COUNTER 

SET 
COUNTER 

HIT POINT IS WITHIN SET 
APERTURE BOUNDS COUNTER 

Figure A-15. MOON Program Flo-yv-

• 

40703-11-2 

MOON check~ for receiver 
hits for any ray which gets 
clearly away from the field. 
It checks for entry Into the 
aperture, support hits, 
diffuser hits, cylinder hits, 
and whistle throughs •. It 
maps a II flux which hits 
the cylinder wall or roof. 



SET THE HIT 
PQINT· 

SET WALL -
INDICES 

IPASS = 1 

PRINT 
I:.IU<UK 
MES.SAGE 

SET CEII.INC 
HIT POINTS 
AND INDICES 

A-20 

Figure A-15. (Concluded) 

40703-11-2 

YES 

RETURN 

SET THE 
DIFFUSER 
HIT P'OINTS 
AND INDICES 

• 



PRINT 
SUMMARY 
OF HELIOSTAT 
OpTICS 

INJTIALIZA TION 
CALLS FOR: 

HITFAC, 
TMAP, 

POLMAP, 

ROOF 

ZERO OUT COUNTERS, 
MAPPING ARRAYS 

CALCULATE 
CONVERSION 
FACTOR 

A-21 

SUM ANNUAL 
ENERGY POSSIBLE 

NO SET 
>-""-""---1 COUNTERS 

CALL VECTS 

CALCULATE DATE. TIME 

CALL RANDOM NUMBERS 
FOR TIME 

CALCULATE PERTURBATIONS 
FOR TRACKING ERRORS 

CALL RNORM 

BEGIN ITE.RA TION 
LOOPS OVER NUMBER 
OF RUNS, RAYS 

Figure A-16. MONTE Program Flow 

40703-II-2 

MONTE Is the monte carlo 
driver routine for a yearly, 
time Integration run. 

Its major functions are: 
a. Initialization calls 

for mapping and 
counting routines 

b. Calls to the random 
number ·generator 

c. Calls to the mapping 
. and CO!Jnting routines 

d. Calls PTOWER, the 
controlling routine for 
t!le hit tests 

e. Prints ray trace 
summary 

f. Output c<~lls for map- .' 
ping and counting 
routines 

Functions b, c and dare 
performed for each ray 
traced. 



A-22 

GET RANDOM NUMBERS 
FOR RAY ORIGIN 
ON SUNS FACE 

CALL LIMDR 

GET RANDOM NUMBERS 
FOR RAY HIT POINT 
ON THE FIELD 

CALL TSHAD 

INCREMENT 
COUNTER 

YES 

NO 

Figure A-16. (Continued) 
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CALL PTOWER 

INCREMENT RAY 
HIT COUNTERS 

YES 

A-23 

INCREMENT 
ENERGY 
COUNTER 

CALL 
POL MAP 

INCREMENT 
ENERGY 
COUNTER 

CALL 
ROOF 

<SUMMA TIONl 

YES PREPARE COUNTERS, 
.------_.. FLUX SUMMARIES 

YES 

FOR OUTPUT 

INCREMENT· 
WALL FLUX 
COUNTER 

Figure A-16. (Continued) 

40703-II-2 



A-24 . 

(MONTEe) 

~ 
PRINT 
FLUX 
SUMMARIES 

~ 
PRINT 
HIT 
SUMMARIES 

~ 
PRINT 
MONTE ... 
CARLO· ' 

AREAS 
-

~ 
PRINT 
HITS, 
ENERGY 
ON FRAME 

~· 

CALL HITFAC 
<PRINT> (RETURN) 

~ r· 
rRINT 
FLUX CALLiMAP 

SUMMARY <PRINT> 
<CAVITY WALLS> 

! f 
. CALL POLMAP 

CALL WALLMP (PkiNT) 
<PRINT) 

l i 
PRINT FLUX 

CALL ROOT .. MAP OF 

<PRINT> 
..... MIRROR 

' FIELD 

Figure A-16. (Concluded) 
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( MONTE2) 

·.PRINT 
SUMMARY OF 
HELIOSTAT 
OPTICS 

ZERO OUT COUNTERS, 
MAPPING ARRAYS, 
INITIALIZATION 
CALLS FOR: 

ROOF, 
POLMAP I 
HITFAC 

CALLINTEN 

,, 
CALCULATE 
CONVERSION 
FACTOR 

,, 
{MONTE2B 

,, 
BEGIN ITERATION 
LOOPS OVER NUMBER 
OF RUNS, RAYS 

A-25 

... .. 

MONTE2 Is the monte 
carlo driver routine to 
simulate a fixed time and 
day .of the year. Its major 
functions are: 

a. Initialization calls 
for mapping and 
counting routines 

b. Calls the random num­
. ber generator 

c. Calls the mapping and 
counting routines 

d. Calls PlOWER 
e. Prints ray trace su~ 

mary 

f. Output calls for map­
ping and counting 
.routines 

Functions b, c and dare 
performed for each ray 
traced. 

(MONTE2A) · 
.~~ 

CALCULATE 
PERTURBATIONS 
FOR TRACKING ERRORS 

.. ~ 

. CALL RNORM 

Figure A-17. MONTE2 Program Flow 

' 
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GET RANDOM NUMBERS 
FOR RAY ORIGIN 
ON SUNS FACE 

GET RANDOM NUMBERS 
FOR RAY HIT POINT 
ON THE FIELD 

CALL TSHAD. 

INt:HI:.MI:.N I 
COUNTFI'l 

YES 

.Figure A-17. (Continued) 
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MONTE2E 



CALL PlOWER 

INCREMENT PROPER 
MAY HIT COUNTERS 

INCREMENT 
RAY, FLUX 
COUNTERS 

A-27 

CALL 
POL MAP 

INCREMENT 
COUNTER 

CALCULATE POWER 
ON HELJOSTAT FRAME 

CONVERT FROM 
INCIDENT 
ENERGY TO POWER 

PRINT 
OUTPUT 
CODE 

PREPARE COUNTERS, 
FLUX SUMMARIES 
FOR OUTPUT 

INCREMENT 
FLUX 
COUNTER 

Figure A-27. (Continued) 
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MONTE2c) 

,, 
PRINT FLUX SUMMARIES 

PRINT HIT SUMMARIES 

,. 
PRINT MONTE" CARLO 

AREAS 

,, 
PRINT HITS, ENERGY 

ON FRAMES 

,. 
CALL HITEAC 

PRINT FLUX SUMMARY 
<CAVITY WORKS> 

CALL WALLMP 

• 
CALL ROOF 

PRINT FLUX MAP OF 
MIRROR FIELD 

A-28 

.. 

(RETURN 

H 

CALL POLMAP 

Figure A--:17. (Concluded) 
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CALCULATE OUTER AXIS 
VECTOR FOR TEST 
HELlOS TAT 

CALL TRIADS 

SET TEST HELIOSTAT 
MIRROR NORMAL 

PERFORM ITERATION 
OVER NUMBER OF 
FACETS 

CALCULATE VECTOR 
FROM HIT POINT TO 
CENTER OF TEST FACET 

FIND INTERSECTION OF 
REFLECTED RAY ON PLANE 
OF THE TEST FACET 

A-29 

OFFBLOC checks to see 
if a rtJ:j reflected by a 
given facet of a heliostat 
is blocked by another 
facet of a different 
(neighboring) hel_iostat. 

NO 

Figure A-18. · OFFBLOC Program Flow 
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ONBLOCK determines If a 
ray reflected from a facet 
of a heliostat is blocked 
by another facet of the 
same heliostat. 

PERFORM INTERATION 
OVER NUMBER OF 14-------------..... 
FACETS 

CALCULATE VECTOR 
FROM HIT POINT TO 
CENTER OF TEST 
FACET 

FIND INTERSECTION 
OF REFLECTED RAY 
AND PLANE OF 
H.S I fACt. T 

RECORD BLOCK 

YES 

Figure A-19. ONBLOCK Program Flow 

40703-II-2 



PERTURB HELIOSTAT 
BED & FACET V,ECTOR 
TRIADS FOR 
TRACKING ERRORS 

CHECK ORTHONORMALITY 
OF RESULTANT TRIADS 
CALL CHECKR 

CALCULATE NEW MIRROR . 
NORMAL VECTORS 
AFTER FACET TOE-IN 

A-31 

FOCAL 
LENGTH 
= INFINITY 

PERTURB FACET VECTOR 
TRIAD FOR MIRROR 
SURFACE SLOPE ERRORS 

CALCULATE NEW MIRROR 
NORMAL VECTOR TRIADS· 
AT THE RAY HIT POINT 

PERT 3 ;;.,lcul.ltc5 thc­
rot~tccl vector tri ~ds 011 
tlic hcliosl~t hil f~cct 
to ~ccouul for tr,lckillc, 
errors, focusiluJ, toe.- ill 
scllill<i .11UI siOilC errors. 

CALCULATE FOCAL 
LENGTH FOR THIS 
MIRROR 

CALCULATE FOCAL 
LENGTH IN THIS 
ZONE 

YES 

Figure A-20. PERl'3 Program Flow 
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SET UP QUADRATIC 
EQUATION 
COMPONENTS 

SOLVE FOR 
REAL ROOTS 

CALCULATE LENGTH 
OF HIT VECTORS 
AND THE HIT 
ANGLES 

RETURN 

A-32 

PIPE tests a reflected ray 
vector to determine Its points 
of interaction (hit points) 
with a right circular cylinder 
(the receiver walls>. Hits 
points are found by solving a 
quadratic. Imaginary ~oots 
indicate that the ray. m1ssed 
the cylinder. · 

.· 
1 
t 

RETURN 

Figure A .. 21. PIPE Program Flow 
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POLMAP sorts and sums 
energy totals and hits 
according to their origin 
on the mirror field. For 
each field zone, the 
following quantities are 
calculated: 

a. mirror hits - rays that 
hit cavity walls or roof 

b. reflected energy -
rays that hit cavity 
walls or roof 

c. energy lost to shadowing 
d. energy lost to blockag_e 
e. energy lost to heliostat 

to heliostat shading 
f. corbel hits 
g. whistle throughs 

· h. number of misses 
across the front 

i. number of misses high 
. j. number of misses low 

LOCATE THE POINT IN A 
ZONE AS DETERMINED 
BY RINDY 

SUM HITS 
AND ENERGY. 

SUM ENERGY LOSS 

SUM ENERGY L055 

Figure A-22. POLMAP Program Flow 
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The routine can be called 
in one of thre.e ways: 

a. initialization 
b. summation 
c. output 



POLMAPA 

DEPENDING ON THE 
FINAL HIT POINT 
OF THE RAY I 

INCREMENT A 
COUNTER FOR: 

A. CORBEL HIT 
B. WHISTLE THRU 
C. MISSED FRONT 
D. MISSED HI 
E. MISSED LOW 

YES 

PRINT: 

A. HITS 
B. POWER 
C. SHADOW 

LOSSES 
D. BLOCKA"GE 

LOSSES 

A-34 

RETURN 

I RETURN 

PRINT SUMMARIES 
FOR PERCENTAGE 
OF LOSSES, RAY 
COUNTS FOR 
VARIOUS MISSES 

Figure A-22. (Concluded) 
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COMPUTE GROUND 
COVER SLOPE 
FACTORS ·. 

A-35 

SET NEXT GROUND 
COVER NEXT RADIAL 
ZONE BOUNDARY 

..._ .. ' .. _, .... ___ ...,~ 

Figure A-23. POLSP2 Program Flow 

40703-II~~ 

POLSP2 sets up the field 
for a 11011~ uniform polar 
arrangell\ent of the hello­
slats. 

It calculates the rddial 
spacing of every row and 
the numher of heliost;~ts 
in eacl1 zone. 



POLSP2A 

CALCULATE HELIOSTAT CENTERS 
WITHIN THE ZONE 

POLSP2C 

INCREMENT 
POLAR RADIAL 
ZONE COUNTER 

PRINT 
GROUND 
COVER BY 
POLAR ZONE 

PRiNT 
COLLECTOR 
COUNT BY 
AZIMUTH 

NO 

PRINT 
POLAR 
RADII BY 
AZIMUTH 

A-36 

COMPUTE ADJUSTED 
GROUND CAVER 

SE:.I 1-INAL CULLEC I'UR 
COUNTS, ZONE 
COUNTS 

Figure A-23. (Concluded) 

40703-II-2 

PRINT 
WARNING 
MESSAGE 

SET RADIAL 
SPACING TO 
MINIMUM 
ALLOWED 

POLSP2D 



CALCULATE 
REFLECTED RAY 
VECTOR 

/ 

CALL FINDIT 

CALCULATE 
REF~ECTED 
RAYS 
DIRECTION 

YES 

A-37 

NO 

SET 
COUNTERS 

Figure A .. 24. PTOWER Program Flow 

407o~-n-~ 

PTOWER controls the calls 
for all of the hit tests. The 
purpose of the. hit tests Is 
to determine the path taken 
by the ray. A ray <vector) 
and Its hit point on the 
mirror field Cas determined 
in one of the MONTE rou­
tine) are major Inputs. 



t"'­

' 

CALCULATE CARTESIAN 
ZONE NUMBERS OF THE 
TEST POINT ON THE 
riELD 

CONVERT TEST POINT 
ON THE FIELD FROM 
CARTESIAN TO 
POLAR COORDINATES 

CALCULATE POLAR 
HELIOSTAT ZONE 
NUMBERS OF THE 
TEST POINT 

i CALCULATE CENTER OF 
CLOSEST HELIOSTAT 
WITHIN THE ZONE IN 
1. CARTESIAN 

CO-ORDINATES 
2. POLAR 

CO-ORDINATES 

A-38 

RINnX find.G ~hi ~!os~st 
helio!tilt to a given point 
on the test plane 

RESET HELIOSTAT 
CENTER-

Figure A-25. RINDX Program Flow 

40703-11-2 



RNORM 

CALL FOR RANDOM 
NUMBERS 

GENERATE A PAIR 
.. OF NORMAL 

RANDOM DEVIATES 

A-39 

RNORM generates pairs ofindependent 
normal random deviates (mean= 0, 
standard deviation= 1). They are 
normally distributed on the interval 
(-CD to+ CD ). Required input is 
a uniform random number generator. 

Figure A-26. RNORM Program Flow 

40703-II-2 



INCREMENT ENERGY 
SUM IN PROPER 
ZONE CAS 
DETERMINED 
BY MOON 

CONVERT ENERGY 
TO POWER 

PRINT ZONE 
BOUNDARIES 

YES 

YCS 

A-40 

COMPUTE AZIMUTH 
BOUNDARIES 

t.AI.t.LILAtE RADIAL 
BOUNDS I /SUCH 
THAT EACH 
SEGMENT HAS 
EQUAL AREA 

ZERO OUT 
SUMMATION ARRAY 

PRINT FLUX 
IN ZONES RETURN 

Figure A-27. ROOF Program Flow 

40703-II-2 

ROOF sorts the ray hits 
on the cavity ceiling by 
zone. These zones are 
concentric donuts divided 
further into azimuth 
zones. All zones are 
of equal area. 

' .•:. 



DETERMINE AZIMUTH 
OF HIT POINT 

SUM HITS, ENERGY 
ACCORDING TO BOTH 
QUADRANT METHODS 

SUM HITS IN NE + SE 
QUADRANTS I HITS IN 
NW + SW QUADRANTS 
E + W QUADRANTS 

SUM ENERGY IN: 
N E + NW I SE + sw I 
E + W QUADRANTS 

NO 

A-41 

ZERO OUT 
SUMMATION ARRAYS 

--· 

PRINT FIELD HIT 
SUMMARY, ENERGY 
SUMMARY 

SUM HITS, ENERGY, BY 
QUADRANT FOR SPRING 
AND FALL MONTHS: 
MAR, APR, SEP, OCT 

SUM HITS, ENERGY, BY 
QUADRANT FOR SUMMER 
MONTHS: MAY, JUN, JUL, 

AUG 

SUM HITS, ENERGY, BY 
QUADRANT FOR WINTER 
MONTHS: JAN I FEB I 

NOV, DEC 

Figure A-28. TMAP Program Flow 

40703-II-2 

TMAP details the yearly 
performance of various 
segments of the field 
around the year. TMAP 
Is called only for time 
Integration runs. It 
produces four maps: 
two are hit summaries, 
two are energy su~ 
maries. 

TMAP can be called In 
one of three modes: 

a. lnltlallzatlons 
b. Summations 
c. Outputs 



' ( TOEIN 

, r 

CALCULATE TOE IN 
VECTORS I NEW Ml RROR 
NORMAL, OUTER AXIS 
VECTORS, AND TOE·I N 
SUM VECTOR 

~, 

FIND TOED-IN MIRROR 
FACET NORMAL 
VECTORS 

~r 

CALCULATE THE SIZE 
AND COSINE OF THE 
TOE-IN ANGLES 

w 
RETURN 

A-42 

Calculates the angle·of 
· toe-in of the hit facet. 
The toe-in angle is the 
rotational angle which 
the net facet is moved 
from the horizontal frame 
top pi ane to focus at one 
point for a specified sum 
position. Til~ :surn 
position for the toe-In 
is a required input. 

.il'igure A-29. TOEIN Prograu1 Flow 

40703-II-2 



CALCULATE VECTOR 
TO TOWER BASE 
FROM TEST PLANE 
START POINT 

CREATE VECTOR PROJECTION 
OF SUN VECTOR IN A 
HORIZONTAL PLANE <VERTICAL 
TEST PLANE NORMAL> 

CALCULATE POINT OF 
INTERSECTION OF THE SUN RAY 
TO THE START POINT WITH THE 
VERTICAL TEST PLANE 

A-43 

RETURN 

SET 
FLAG 

TSHAD determines lf.an 
Incident ray Is blocked by 
the tower. It performs this 
function by working back­
wards from the hit point 
on the field to the sun. 

Figure A-30. TSHAD Program Flow 

40703-II-2 



.. , 

VECTS 

SET UP BASE 
TRIAD 

CALCULATE THE 
SUN VECTOR 

A-44 

VECTS calculates the base orthonormal 
~ --».. ._.a. 

triad set ( N, UN, UE) located at the 
- -· ~--

tower center. The st,~m vector.( U R) 

is also calculated fo1· the desired 111011th, 
day and hour of the year. 

Figure A-31. VECTS Program Flow 

40703-II-2 



( WALLMP) 

• CALCULATE AZIMUTH 
ZONE BOUNDARIES 
<DEGREES> 

CALCULATE HEIGHT 
ZONE BOUNDARIES 

+ 
PRINT 
HEADINGS 

CALCULATE TOTAL 
FLUX FOR A GIVEN 
HEIGHT ZONE; ALSO 
FOR A GIVEN HEIGHT 
ZONE, CALCULATE 
AVERAGE FLUX PER 
AZIMUTH ZONE 

CALCULATE CUMULATIVE 
TOTAL OF AVERAGE 
FLUX PER AZIMUTH 
ZONE OVER THE 
HEIGHT OF THE 
CAVITY 

+ 
PRINT THOSE 

. RESULTS 

,, 
c RETURN ) 

A-45 

~-

WALLMP prints the cavity 
wall flux map. It does this 
by dividing the wall In zones 
according to height and 
azImuth. (Where 00 az 1-
muth Is North and 900 Is 
east etc.> 

Figure A-32. WALLMP Program Flow 

40703-II-2 



IAIAIAIAIAIAIAIAIA 
IAIAIAIAIAIAIRIAIR 

lAIR 
!AlA 

lAIR 
lAIII 

IAIRIAIRIAIRIAIR 
IAIAIAIAIAIAIAIAIA 

IAIAIRIAIAIAIA 
IAIRII'IIfllfiiAIAIAII'I 
lA 11'1 
lA lA 
lA lA 
lA lA 
IAIAIAIAIAIAIAIAIA 

IAIAIAIAIAIAIA 

11111111111\I#HA 11'1 
IAIAIAIAIAIAIAIAIA 
lA lA 
lA lA 
lA lA 
lA lA 
IAIAIAIAIAIAIAIAIA 

IAIAIAIAIAIAIA 

lA .11'1 . 
IA"IR lA lA 
lA lA 
lA .,. 
lA lA 
lA lA 
IAIAIAIAIAIAIAIAIA 

lA lA lA lA lA "lA lA 

lA IAIAtAiAiAIA 
IAIAIAIAIAIAIAIA 

lA lA lA 
lA IIllA lA 
lA WillA 11'1 
lA lA lA 
IAIAIAII'III'IIAIAIA 

IAIAIAII'IIAII'I lA 

II'IIAIAIAIAII'III'I 
IAII'IIA!Itii'IIAIAIAIA 
lA 11'1 
lA lA 
lA "lA 
11'1 lA 
IAIAIAIIIIAIAII'III'IIA 
II'IIAIAII'IIAIAIAIAIA 

B-1 

APPENDIX B 

FORTRAN LISTING 

40704-II-2 



4:>. 
0 
-J 
0 
C..:l 
I ....... ....... 
I 

N 

5 

10 

15 

20 

PROGRAM HELIAKI 74/74 OPT=1 

PROGRA~ ~ELIAKlCINPUToOUTPUTorAPE5=I~PUToTAPE6=0UTP~TI 
OIMi:NSIOIII XHCCJ:. 
COMMON/RANf'IOM/e.aRUN • I RA''\IC, I JIJ•P • MOOE, I SRMh I RAYS 

1 o!TloUDNI.LIMCoOI'IITVoYF~~C 
coo THIS [S THE CONTROLLING ·=»ROGRA-4. fiO:OM IT INITCOL IS CALLED. T~EN 
C ONE OF THE MONTE D~IVE~ RO~TINES. DEPENDING ON THE ·~ESULTS DESIRED. 

1 
c 

MOOE=l 
IRAt.;C=O 
CALL UII TCO·-

C IJUMP CONTROLS THE MONT~ CARLO SIMULATION 
C IJUMP=O TIME POINT ONLY 
C IJUMP=1 TIME INTEGAATION O~LY 
C IJUMP=2 TIME POINT PLUS Tl~E INTEGRATION 

IfCIJUHP.EC.11 GO TO ~ 

5 
10 

CAL\. MONTE21XM~ 
IFCIJUMP.EO.Ol GO TO 10 
CALL MONTEIXMo~OURSI 
IFClT1.LT.31 GD TO 1 
STOj) 
END 

( 31;>1177 ;>1.51.16 "'AGE 

Hl"li AI( I 2 
HF:LIAKT 3 
HF'll AK I 4 
HF'Ll AK I 5 
HF.LIAKT 6 
HF.:Ll AK I 7 
HF't.IAt<[ 8 
H[liAK I 9 
HF:L IAK t 10 
HELIAKt 11 
HJ::L [AI( I 12 
HI"L IAK I 13 
HFLIAKI 14 
Hl"liAK ( 15 
HF'L IAK I 1fl 
HI'L[AKI 17 
Hr:LI AK I 18 
HF:L !At< I 19 
Ht=Ll At< I 20 td ,. 
HF:LIAKI 21 . I 

N 
HF'LIAKl 22 
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SUBROUTINE INlTCOL 74/74 

c 

SU~ROUTINE INITCOL 
RE4L N 
OI~ENSIO~ AIMPC31 
PlTEGER Cl LAT 
CO~MON/Qo\RKLEIOOTOPoOOBASE 
COHMON/CAVITY/SEPt001t002tROIFtHDIFtHCAVtHSWTCC21tRSWTCC2lt 

l CILATCZitCAVLATC2t211oAIMHGT -
COMMON /JEFf/ UMNSC31tRRSC31tNSTOPStAtBtCoSMAXoRFIELDoTHoiCMHt 

I ICSHolFColrliTtiCSH2oNCOLolHOURoMINoELZoToTDISXoTOISY, 
2 OU~At0UMBt0UMCoUMNNll31tUMNN2C31oUMNC31oiOHITtNLATo 
J NLONGoJLONGoNLATCoRCOoNPACKoENHM 

COMMON/TA8LE/UHVC31tUAXVC31tUXVZC31oRSTC3ltWFVtNHFtXOFoW02oWfV2o 
1 RHSC31tDELXoDELYoWDolfVtRRBC31oUAXVPC31oUXV2P~Cllt 
2 UTTC31oUNN?C31oUXV2PC31 
3 tUMNPC31oUMNPP131tFtALENtUBEONillolf0CtiORIVE 

C0MMON/8A8A/STHtCTHtSEOtOMEoDMStNC31oUE131t 
l UN13!tUSI31oUAJ3JtURI3JtTHiTA~MON•IOAY,SMALRoCAPRtCEO 
COMMON/JOKER/URPI31tUSIC31tTH~LtPH,THSRtTHSUtCOUNTtWAVLC201tORAD 
COMMON /STATS/TPaoTS8tPH8tTPVtPHVtAVEtTSVtPAX1VoPAX18tPAX2VtPAX28 

'COMMON /RALL/ DCOLtSCOELTC31tXPtYPtPAXloPAX2tOC31 
COMMON/RAN~OM/NRUNtiRANCoiJUMPtMOOE•ISRANtiRAYS 

1 •ITltUDNioLlMCoOINTV~YfRAC 
COMMON /CI~DEX/ XPCOLtYPCOLtCOSAtCOSBtSLOUMtWCELLtiCELLoJCELL• 

1 XCSAV t YCS.AV t XCMt YCM • ICELMt JCELM 
COMMON/SUP?T/DELTMtTH~StKSEGtAPHtSWtNSUPtRCONEtTHECONtHTOT 
COMMONtCEIL·ING/NAZZ oNRZ tOTAZ I~ 1 l tORZ C 101 tO OJ t I ZR' I ZAZ 
COMMON/MAPS/NRZfoNAZZf,NCC250t81tSRA01250•BitNPRAOC8ltOEG 
CCMMON/T(LTEO/TTILToUVTCJI•Ull31tU2C3ltWAPMAXtWAPMINo0ffSET 
C0MMDN/STRUCT/GAPtWLONGtWSIOE•WTRitXLTRit8ltB2tWCROSS•WOUMtlfRAM 
~tHTMIRoHTCQOSoWJCROS 
COMMON/TOE/CTAZTtSTAZToCTELTtlfOCUStSTELTtUTARGI31tOTARGC31 

C ooooooo•NAHELIST DICTIONARY 
N.AHELI ST /CI1ANGEI RFIELD, TH oNSTOPS, TDI SX t TDI SY t IRAYSt TPB t TSB,PHB t 

1 TPVoTSVt?HVtTHETAoMONtiDAYoToiJUMPoiT1oNRUNoiSRANt 
2 pAX1VtPAX2VoSCDELTtNLONGoNLATCoGCOVERtRCOoRCONEtHCAVi 
3 SWoNSUPt003tNR.ZtNRZfoNAZZfti1DoWfV•XDFoNPACK•SPACEf, 
4 IDRIVEtNNUowAPMA~tWAPMINoOffSETowLONGowCROSS,wTRioGAP, 
5 XLTRiorlTMIRtHTCROSSoWJCROStiTOEoifOCUSoTAZTtTELTt 
6 MONToiDAYTtTIMET 

DATA WAVL/o39to44to49toS1to54to57to60to63to66to70to74to78toB2to87t 
1o96t1o02,1.08tlo22t1o48tlo68/ 

C IT1=3 END Of RUN 
C MODE=1 AT fiRST ROUND 
C M0DE=2 AFTER THAT 
C•• THIS IS TH~ INITIALIZING ROUTINE. IT INITIALIZES ALL Of THE 
C VALUES IN THE ENTIRE P~OGRAMo 
C VARIABLE LIST IN INITCOL. 
C SEP=DISTANCE BETwEEN LOWER AND UPPER DISK 
C Sw=SuPPORT WIDTH 
C NSUP=NUMBfR Of SUPPORTS 
C ODJ=INNER CAVITY DIAMETER 
C WO=fACET LENGTH 
C wfV=fACET WIDTH 
C XOF=DISTANCE BETWEEN FACET AXES 
C AIMHGT=AIM CIRCLE HEIGHT UP CONE AXIS 

HELIAKI 
IN IT COL 
INITCOL 
l~liTCOL 
IN IT COL 
IN IT COL 
INITCOL 
hll TCOL 
Itll TCOL 
HilT COL 
INITC:OL 
IN IT COL 
INITCOL 
IN IT COL 
HilT COL 
HilT COL 
IN IT COL 
IN IT COL 
HilT COL 
INITCOL 
ItJITCOL 
IN IT COL 
HilT COL 
IN IT COL 
IN IT COL 
IN IT COL 
INITCOL 
IN IT COL 
IN IT COL 
HilT COL 
IN IT COL 
HII TCOL 
I~IITCOL 
HilT COL 
HJITCOL 
IN IT COL 
Ill! IT COL 
HJI TCOL 
It~~ IT COL 
HII TCOL 
Itll TCOL 
Ill! IT COL 
ItJITCOL 
IN IT COL 
HilT COL 
HII TCOL 
INITCOL 
HilT COL 
l~JITCOL 
I~JITCOL 

. It~~ I TCOL 
HilT COL 
INITCOL 
HilT COL 
1~11 TCOL 
IN IT COL 
HilT COL 

23 
z 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35. 
36 
37 
3!! 
39· 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 

to 
I 

w 



~ 
0 
-.1 
0 
w 
I ..... ..... 
I 

t-.:1 

60 

65 

70 

75 

80 

85 

90 

95 

100 

· lOS 

·110 

SUBROUTINE INITCO~ 74/74 OPhl 03/Zl/TT !1.51.16 

C IIAPMitK=MAX IMUM APERTURE VIC>TH 
C ~~PMIN=MINIMU~ APEqTURE VIC>TH 
C I~o:us=~IqROR FOCUSSl~G OPTION 
C 0 M!ANS·I~OIVIOUA~ FOCUSSJN~ 
C· 1-10 AQE NUMBER 0~ FOCUSSING ZONES roR.CONSTANT FOCUSSING 
C 11 MEA~S ~LAT. MIRRORS 

C HTCROSS IS THE VERTJCAL DIMENSION OF A CROSS PIECE ·oN THE ~RA14E 
C VJ•:RQS IS THE WIDTH OF THE C:EMl'ER CROSS PIECE OF' THE FRAME 
C MOi-l = MONTH 
C T:TJM€ OF OAY 
C IOAf=)AY OF' THE MONTH 
C RFIEL?=OUTER RADIUS OF THE FIELD IN FEET 
C Tt-=HEIGHT OF THE TOllER UP TO H1E LOVER DISK 
C HCAV=:AVJTY HEIGHT IN FEET 
C· NLATC~NUM~ER OF HEIGHT ZONE~ ON THE CA~ITY WALLS 
C NLONG=NUH~E~ OF AZIMUTH ZONES ON THE CaVITY VALL 
C NSrOPS. IS NUMBER OF' CHECK POINTS ALONG RAY PATH FROM TEST PLANE 
C TO GROUNO 

C NRZF=NU~BF.R 0~ RAOIAL ZONES·IN THE F:ELO 
C WAZZF=NUM6ER OF' AZZIMUTH ZONES IN THE FIELD 
C ISRAN=INITIAL RANDO~ SEED 
C TO ISY·=TOWER OFFSET FROM THE CENTER Of" -HE FIELD. IT MUST BE ZERO 
C FOR ' DONUT F'IELDt IN A NOF·Tt·:-SOUTH D:RECTION 
C TOISK=TOWER OFFSET FROM THE CENTER OF ""HE FIELD. IT MUST BE ZERO 
C FOQ l DO~UT FIELD• IN A EA~T-WEST DIRECTION 
C NRUN=NUMBER OF' RUNS 1101 
C JRAYS~NUMHlR OF RAYS IN 1 RLN 
C OIIlTV=HJTERVAL 0~ HOURS THAl 11E ARE INTIGRATING OVER FOR THE TIME 
C IllTE~RATION 
C YF'RAC=NUH~ER OF' DAYS IN A YEAJ; 
C GCOVER=GROUNO COVER RATIO CIIREA MIRRORS/GROUND AREAl 
C Ill-CONTROL VARIABLE. THE P~O~RAM TERMINATES ~HEN ITl IS GREATER 
C · T'HAN OR EQUAL TO 3 . . 
C ORAD =CONVERSION FACTOR FRO~ CEGREES TO RADIANS 
C tHETA=LATITUOE ANGLE 0~ THE SDTE TESTE~ 
C TP.S, TS~tPH~tTPVtTSVtPHVtPAXJv.PAXZV = HELIOSTAT OPTICAL PROPERTIES 
C AiND TR4CI<PlG DRIVE PROPERTIES FOR A NORMAL OISTRIBUTIO"• 
C 18=HEAN.V=VARIANCEI 
C NPAC~ DEfiNES FIELD PACKI~G GEO~ETRY 
C 4 POLAR PACI(HIG 
C S POLAR NON-UNIFORM 
C IDRIVE CONTQOLS FACET DRIVES 
C l GANGED• 
C 2 INDEPENUENT.IN ONE AXIS. 
C•• N~U IS FOR NONUNIF'OR~ POLAR PACKING OF 
coo TILT-TILT ~ELIOSTATS. IT IS T~E NUMBER OF' NONUNIFORM 
coo AZIHUT" ZO~ES. THIS CAN BE I CR 8. 
C000 WLGNG IS THE WIDTH OF THE LO~G .PIECES 0" THE FRAME 
cooowcROSS IS THE WIDTH ·o~ THE CROSS PIECES ON THE FRAME 
CoooGAF IS THE SPACE J:tETIIIEEI'i THE LaNG "PIECES MINUS VO. 
cooowr~l IS THE wiDTH OF THE CROSS BRACES 
coooxLtRI IS THE LONGER EDGE OF 1HE CROSS·BP.ACES 
C oo T~!T=rOEI~ AZIMUT~ ANGLE CR~OtANS) 
C oo TELT=TOEI~ ELEVATlO~ ANGLE ~~~OIANS) 
C oo T~lT AND TELT DEFAULT TO 3/cl NOON AT J3 DEGREES LATITUDE 

INITCOL 
IN IT COL 
IN IT COL 
HilT COL 
II'IITCOL 
I~ITCOL 
I~ITCOL 
HilT COL 
HilT COL 
IN IT COL 
INITCOL 
HII TCOL 
I~JI TCOL 
11'11 TCOL 
HIITCOL 
I~ITCOL 
HJITCOL 
HJI TCOL 
·INITC:OL 
. INITCOL 
I~JI TCOL 
INITCOL· 
IN IT COL 
Hll TCOL 
IN IT COL 
IN IT COL 
INITCOL 
IN IT COL 
IN IT COL 
HI IT COL 
II'! IT COL 
IN IT COL 

.HJI TCOL 
II'JITCOL 

·.INITCOL 
IN IT COL 
II'JITCOL ' 
HIITC:OL 
HJITCOL 
HI IT COL 
HJITCOL 
IN IT COL 
I~ITCOL 
IN IT COL 
HIITCOL 
I NIT COL 
HilT COL 
HilT COL 
I~JITCOL 
hilT COL 
INI TCOL 
I•tiTr.OL 
HIITCOL 
I•JITCOL 
HJITCOL 
HII TCOL 
I~JITCOL 

58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
.74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
B5 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
lOS 
106 
107· 
108 
109 
110 
111 
112 
113 
1.14 

2 
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SUB~OUTINE II'IITCOL OPT:::l "03/21177 21.51.16 

1'15 

120 

125 

-130. 

135 

140 

145 

1'50 

155 

160 ' 

165. 

170 

C ·HTMIR IS THE OISTAWCE OF THE FACET AXIS ABOVE THE TOP FRAME PLANE 
C HTCROSS IS THE VERTICAL DIMENSION OF A CROSS PIECE ON THE FRAME 
c· ~JCROS IS THE WIO~H OF THE CENTER CROSS PIECE OF THE FHAME 

"'ON=6 
DO 1953 I0=1t3 

1953 SCOELTIIDJ=O.O 
T=12o 
IDAY=21 
AMAX=1.3 
LIMC=J 
ISRAN=27641 
OINTV=14. 
YFRAC=365e 
IT 1 =2 ·. 

·ORA0=.01745 
CAPR=149.5o1o.o•6 
SMALR= 6357.0 
THETA=JJ. 
NRuN=lO 
IFIIRA~C.NE.Ol GO TO 1800 
WRITEI6t70021 
WRJTE1bt1811l ISRANtNRUN 

1811 FORMAfi5X•20HlNITIAL RANDOM SEED=•Il0t3Xt19HNUMBER Of RUNS PER , 
16HBATCH=,I!>o/l 
DJEF=FLO~TIISRANI 
DJEF=RANFIDJEfl 
IRANC=1 

1800 CONTINUE 
TPfi=Oo 
TSR=O. 
PHH=O. 
TPV=.OS 
TSv=.05 
PHv=.05 
NSTOPS=11 
DO 3460 1=1•3 

3460 SCOELTIII=O. 
Torsx=o. 
PAX1B=O. 
PAX2B=O. 

C SIDERIAL EARTH RATE 
OME= 0.2~25159 . 
OMS=360.t1365.25°57.31 
XTH=THETAOORAO 
STH=Sft.~IXTHI 
CTH=COS I XT·O . 
XSE0=23.5°i>RAD 
5EO=SlNIXSf.QJ 
CEO=COSIXSC:Ol 
UA I 1 I =SEil 
UA12l=O. 
UAIJI=CE1· 
lF(MOUE.GTe1l GO TO 4000 
ID~IVE=1 
PAX1V=.05 
P·Ax2v=.os· 
WAPMAX=24o 

HJITCOL. 
INITC:OL 
INITCOL 
INlTCOL 
HilT COL 
HJITCOL 
HJI TCOL 
HJITCOL 
I~JI TCOL 
IN IT COL 
HilT COL 
IN IT COL 
HilT COL 
HJITCOL 
INlTCOL 
HJ.lTCOt. 
INITCOL 
IN IT COL 
IN IT COL 
l~JITCOL 
HilT COL 
l~JITCOL 
HilT COL 

. HIITCOL. 
INITCOL 
HilT COL 
HJI TCOL 
HilT COL 
IN IT COL 
HilT COL 
INITC:OL 
IN IT COL 
INITCOL 
HilT COL 
HJITCOL 
HilT COL 
HJI TCOL 
HilT COL 
INITCOL 
HJITCOL 
HJITCOL 
HJITCOL 
HilT COL 
HJITCOL 
1 NIT COL 
INITC:OL 
HJI TCOL 
IN IT COL 
HJITCOL 
INITCOL 
IN IT COL 
HJITCOL 
HilT COL 
HilT COL 
I~JITCOL 
INITC:OL 
HII TCOL 

115 
116 
117 
111.1 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
13~ 
138 
139 
140 
141 
142 
143· 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
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155 
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157 
158 
159 
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16.9 
170 
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SUBROUTI'IE IN IT COL 74/h OPT=l f'TN 4o5HtlOA 03/21177 2l.Sl.l6 f'AGE 

WAPMIN=l~. IN IT COL 172 
AIMHGT=SEP12.0 HilT COL 173 
GCOVER=.3 IN IT COL 174 

175 RfiELD=8;>6. HJITCOL 175 
TH=392. HilT COL 176 
RCO=l20, IN IT COL 177 
HCAV=46ol. I~JITCOL 178 
XOF"=l6. HJITCOL · 179 

180 NHF=It IN IT COL 180 
IRAYS=2 HII TCOL 181 
RCONE=20.0 IN IT COL 182 
NCONHT=~ HilT COL 183 
NCONAZ=~ HilT COL 184 

185 TDISY=O.O HilT COL 185 
NLIITC=S HilT COL 186 
F=lOSO. INITCOL 187 
NLONG=8 HilT COL 188 
WFV=10. HilT COL 189 

190 WD=lO. INITCOL 190 
I JUMP=! IN IT COL 191 
003=42. IN IT COL 192 
NSuP=3 IN IT COL 1n 
SPACEF=l.l I~!ITCOL 194 

·195 NRZ=S IN IT COL 195 
NRZF = 1 IN-IT COL 196 IJ:I 

,j:>. NPACK=S IN IT COL 197 I 
0) 

0 NNU=8 HilT COL 198 
-J 
0 NAZZF = 8 HilT COL 199 
CJ.3 200 Slo' = 2. HilT COL 200 
I GAP=0.25 HilT COL. 201 ...... ...... XLTRI=4.681 HilT COL 202 
I 
N WLONG=0.48 HilT COL 203 

WCROSS=O.lS5 HilT COl 204 
2.05 WlRI=O.l77 IN IT COL 205 

WSIDE=O.!Ilt IN IT COL 206. 
HTM i R=o·. 833 IN IT COL 207 
HlCHOS=0.833 IN IT COL 208 
WJCROS=O. 224 HJITCOL 209 

210 TAZT=3.14l59 HII TCOL 21()-
TELT=0.9948 

' 
1~11 lCOL 211 

MONT=3 HilT COL 212 
IDAYT=Z1 IN IT COL 213 
TIMET=l.2. HilT COL 214 

215 IF"OCUS=O IN IT COL 215 
4000 READ 15 .,C'"IIl.NGEI IN IT COL 216 

IFIMODE.L1.2t MO~_E"2 HilT COL 217 
WRITEH:io7C·02t I~IITCOL 21~ 

7002 FORMoAT (lHl I INITCOL 219 
220 CALL veers I~IITCOL 220 

IF"cc.Gt.o.ooos,· 60 TO 6 INITC:OL 221 
wRIT£11't71 H!I TCOL 222 

7 FOP MAT I IIi o1 OXoSOH.)AIIIlN IS YET TtJ COME•N() TIME POINT CAN BE PERFORM 1~11 lCOL 223 
lED I IN IT COL 224 

225 IF II JU"P .Ea. 21 IJU .. P=1 lt.~ITCOL 225 
GO TO )6 HilT COL 226 

6 OENOM=SORTIA~A•B•Bt I~IITCOL 227 
ELZ=AT,N?'Co)ENOHI HJ1 lCOL 22M 



230 

. 235 

245 

2'50 

255 

l60 

265 

2:70 

275 

280 

285 

SUBROUTINE lNltcoL 1'4i74 

CALL INTEN!MON,[OAYoELZtUONII 
UO~I=.001l5°UDNl°C 

C INITIALI7.E CONE AN) TILT ANGLES FOR FIELD GEOMETRY INPUT 
16 RN:RFIEL~-TOISY 

RS=RFIELO•TDISY 
XN=SCRTI~N·~~oo,5•~CO•RC0°0.SI 
XS=SC~TCQS•RS00,SoQC0°RC0°0.51 
TAPE1=AT~NcT~/XNI 
TAPE2=ATANCTH/XSI 
THECON=ITAPE1•TAPE21•0,5 
TTILT=TADE2-THECON 

C To UNTILT ~PERTURE SIMPLY SETL WHAT IS BEST THETA CONE 
TTILT=Il.O 
THECON=27.U/S7,3 
HTOT=IWA~MAX•wA~MINI 00,5°COSITHECONI 
SEP=HTOT 
AIM~GT=S~P•0,5 
OELRC=!HTOT•0.5)•TANCTHECONI 
001=1RCO~E-DELRCI•2, . 
002=1RCO~E•OELRCI•2. 
NAZZ = NLONG 
CALL MOO~!Ot91 

C INITIALIZATION OF AIM POINT SUBROUTINE 
HSWTC C 11 =HOIF 
HSWTCI21=HCAII 
RSWTCC11:ROIF 
RSWTCC21=.5°003 
XDUM=(~D•GAP-WC~OSSI•0,5 
WOUM=IWD•G~P•WLCNGI•0,5 

B1=XDUM-XLTRI 0 0.707ll 
B2=XOUM-XLTRI 0 0,70711•WTRI/0,70711 
CTAZT=COSITAZTI . . 
STAZT=S I•! CTAZT I 
CTELT=COS CTEL T I 
STELT=SI•J ITELT I 
ODTOP=001 
00BASE=DI)l•20.0 
WD2=W0/2, 
wFvZ=Wf"V/2. 
ALEN=CNHF-11°XOF 
OCOL=WFV 
CXLAT=HCAV/FLDAlCNLATCI 
00 9622 1=1oNL.lC 

9622 CAVLATc2,11=HCA~·CXLAT•FLOATCII 
-wCELL=.2oRFIELO 
AFI~LD=3,14159•CRFIELD•RFIELO•RC0°RCOI 
ACOL=INHF0W0°WF~I 
GCMIR=ACOL/CWD•CALEN•WFVII 
IF!GCOVER.r,T,GC~IRl WWITEC6o19011 

1901 FORMAT!//10Xo48rooooo GROUND COVER FACTORtGCOVERtTOO LARGE •••••I 
CALL POLSP2!ACOL•N~UoSPACEFoNTOTALoGCOVERI 
AFIELD=3,14159~CRFIELO•RFIELO-Rt0°RCOI 
NCOL=NTOTAL . 
WRITE (f>o70021 
WRITE C6t 19451 NS TOPS,NCOLt RFIELO• THoGCOVER 

1945 FORMAT!/?0XtS1HrELIA~I VERSION 13• TIME POINT AND/OR ANNUAL ENERGY 
L/20Xo39HROUNO FIELD WITH LOW PROFILE HELIOSTATS//16Xt 

IN IT COL 
HilT COl. 
I•IITCOL 
IN IT COL 
IN IT COL 
IN IT COL 
IN IT COL 
HJITCOL 
It.JITCOL 
HII TCOL 
I•JITCOL 
IN IT COL 
HJITCOL 
I"llTCOL 
IN IT COL 
IN IT COL 
Hll TCOL 
I"llTCOL 
HJITCOL 
INITCOL 
IN IT COL 
IN IT COL 
I•JITCOL 
IN IT COL 
IN IT COL 
HilT COL 
IN IT COL 
I•JITCOL 
HilT COL 
IN IT COL 
HilT COL 
HJITCOL 
IN IT COL 
IN IT COL 
HilT COL 
IN IT COL 
IN IT COL 
IN IT COL 
IN IT COL 
IN IT COL 
HII TCOL 
IN IT COL 
IN IT COL 
INITCOL 
INITCOL 
IN IT COL 
IN IT COL 
IN IT COL 
IN IT COL 
INITCOL 
HilT COL 
I•JITCOL 
INlTCOL 
HilT COL 
PJITCOL 
HJITCOL 
INlTCOL 

229 
230 
231 
232 
233 
234 
235 
236 
237 
239 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249. 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 

s 

.ttl 
I 
-J 
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295 
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1:\:1 

320 

325 

330 

SUBROUTINE INITCOL 74/74 OPT=l 

26HNSTOPS,6Xo4HNC0Lo9Xo6HRriELOt8Xo7HTO~ER Ho 
3 9Xo6HGC~VERo/ol0Xo2I10o~FlS,J,/J 
WRITE16ol946) NHftWFVoWO,XOFtALENoSPAC~F 

1946 FORMAT(/ol6Xo3HNHFol2XolHWF~tl3Xt2HW0ol2Xo3HXOFo11Xo4HALENt 
1 lOXt6HS~ACEFo/o9Xol10oS•SXoFl0.2Jo/J 

WRITE 16 0 19491 GAPoWLONGtWCROSStWTRltXlTRitWSIOEoWJC~OStHTMIRo 
o HTCROS 

1949 FORMAT (/~11X•3HGAOo9Xo5HWLOMGt8Xo6HWC~OSSo10Xo4HWTRio9Xo 
~ 5HXLTRI,9Xo5HWSIOEo6Xo6HwJCROSo9Xt5HHrMIRo8Xo6HHTCRQS, 
o / 0 9(4XoFlOo3lo/l 
WRITEI6~lllll !WAVLIILOPiolLOP=l•201 

1111 FO~MATI///o32Xo43HTHE CEHTER WAVELENGT"S OF THE TWENIY EQUAL , 
112HENERGY BANDSo/t2120XtlOflOo5t/lt/J 

WRITEI6ol9481 TOISXoTDISYoAFJELD•RCO 
1948 F0RMAT!/o20Xo5HTDISXolOXt5HTOISY•9Xo6H~FIELDo12Xo3HRC0o/t10Xo 

14Ft!;!,],/) 
I HOUR= INT ( Tl 
AMIN=6Q,o(T-FLOATIIHOURIJ 
MIN=INTIAMINI 
WRITEI6o5J MONti~AYoTHETAoiHOURoMIN 

5 FORMAT( //lt50Xoi2•1Hiti2t3H/80o/t1)Xo9HLATITUOE=•f7,2o 
l l0Xo4H~DURol5o5Xo3HMINti5o/l 

CALL A1MP?!XCoYColoAIMPJ 
WRITEI6o87~1 RCONEoTHECO~oHTOT,TTILT 

879\ FORMAT (/lt22XoSHRCONEol'X•6HTHECONt14(o4HHT0Tol5Xo5HTTILTo/o 
2 15XoFl0•2•10Xofl0.2o9XtF10.2tl2XoF10.21 -

WRITEI6ol5151 WAPMAXoWAP~INoOFFSET 
1515 FORMAT(/,l9Xt6HWAP~AXol4Xo6H~APMINol4Xo6HOFrSETo/o15~t 

2 3!Fl0.1.lOXJI . . 
wRITE 16t21 I 

21 FORMAT (/o5Xt20HPROGRAM OPTIONS USED) 
IF IIFOCUS.EO.Ol WRITE· l&o4101 
IF IIFDCuS.GT.O.ANO.IFOCUS~LEolOI WRITE (6,420) IFOCUS 
IF IIFOCuS,GT.lOI wRITE t6o430l 
WRITE !6o!t401 
WRITE (6,4501 MONToiOAYTtTIHET 

450 FORMAT .110Xol9HTOEIN STRATEGY FOR ol2o1Hiol2t4H AT ,r4.1J 
410 FORMAT ClDXo19HINOIVIOUAL FOCUSING) 
420 FORMAT (lDXoi2ol5H FOCUSING l.ONESJ 
430 FORMAT C1DXo12HFLAT MIRRORSJ 
440 FORMAT (lDXo17HINOIVIOUAL TOE-INI 

IF UD~IvE .EO. 1> WRITE C&.Sl!:U 
IF CIDRivE .EO • .?> WRITE C6t519l 

518~FO~MATC10~•13HFACETS GANGED! 
519 FORMATt10Xo23HINOE~E~uENT FACET ORIVEJ 

RETURN 
END 

I~ITCOL 
HJITCOL 
IN IT COL 
IN IT COL 
HilT COL 
I~JITCOL 
IN IT COL 
IN IT COL 
IN IT COL 
I111ITCOL 
HilT COL 
IN IT COL 
INITCOL 
HilT COL 
INITCOL 
INITCOL 
IN IT COL 
HJITCOL 
INITCOL 
INITCOL 
IN IT COL 
INITCOL 
INITCOL 
IN IT COL 
INITCOL 
HJITCOL 
HilT COL 
I~JITCOL 
IN IT COL 
HJITCOL 
HilT COL 
IN IT COL 
IN IT COL 
IN IT COL 
IN IT COL 
IN IT COL 
IN IT COL 
HJITCOL 
INI T.COL 
INITCOL 
IN IT COL 
HilT COL 
IN IT COL 
HJITCOL 
IN IT COL 
IN IT COL 
IN IT COL 
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SUBROUTINE AHIPP .. 74/74. OPT=1 

SUBROUTINE AIMPPCXCoYCoiNIToAI~Pl 
coo THIS ROUTINE DRAWS A VECTOR fROM THE CENTER Of THE ANNULUS 
C OUT TO THE AIM POINTe 

INTEGER CILAT 
REAL N 
CO~MON/8ABA/STHoCT~oSEQoOMEoOMSoNC31oUEC31o 

1 UNC3loUSC31oliAC31oURCJioTHETAoMONo[OAYoSMALRoCAPR•CEQ 
CO~MON/CAVITY/SEPo001oDD2oROifoHDifoHCAVoHS~TCC2loRSWTCC2lo 

1 CILATC2)oCAVLATC~o211oAIMHGT -
CO~MON/SUPPT/DELTMoT~ESoKSEGoAPHoS•oNSUPoRCONEoTHECONtHTOT 
C0~MON/TtLTEOITTILroUVTC31oUlC3l•U2C3loWAPMAXoWAPM[No0ffSET 
DIMENSIO~ UPLANC3loAIHPCJloUCONC3l . 

C THIS FUNCTION ~ETURNS THE ITH COMPONENT Of THE AIM POINT ASSOCIATED 
C WITH HELIOSTATS LOCAED AT CXC~YCl RELATIVE TO THE RECEIVER CENTER 

IfCINIT.GT.11 GO. Tl 100 
SEP2=AI~1~GT 
RDC=DD1/2oO•AIMHGTDC0D2-DOll/C2o0°SEPI 
THES=2. 0 3ol4159/NSJP 
XOUM=tDD2-DDll/2o 
APH=SQRTC5fP••2•XOJMaozl 
AM()=SWI2.•APHI2. 
THEMISS=ATANIAMDIRDCI 
fRACTN=CTHES-2.•TH~HISSI/THES 
OD3=RSWTCI21•2. 
WRITE (6,201 5EPoDOloDD2oROiftHCAVt003oAIMHGT 

20 FO~HAT C///~30Xo21HCAVITY RECEIVER SPECSo//o17Xo3HSEPo7Xo3HOOl• 
1 7X, 3HDD? o6X o4HRO·If, 6X o4HHCAVo 6X o4~ 003o5Xo6HAIHHGT o/o1 OXt 
o 7fl O.lo/1 

CTCON=COSCTHECONI 
STCON=Sl~CTHECONI 
CTL=COSCTTILTI 
STL=SIN ITTIL Tl 
DO 25 I=1•3 
UVTCII=CTL•Ntii-SnL•~NIIl 
Ul (I I =CTL 0 :JNH I•ST1L•~Hil 

25 U2 I II =uE C I l 
RETURN 

100 YCP=YC•CTL 
THEAZ=ATAN2CXC,yCPl+3ol4159/3oO 

.IftTHEAZ.LT.OoOl THEAZ=THEAZ•2. 0 3.14159 
IFtTHEAZ.GT.6.2S31951 THEAZ#THEAZ-6.283185 
KSEG=lNT tTHEAZITHESI •1 
THEMID=T~ES°CKSEG-1l•THES/2 
OELTM=THfAZ-THEMIO/. 
THEAIM=T~E~ID•DELtMofRACTN-3.1415913.0 
IFCTHEAJ~.LT.O.OI 1HEAIH=THEAIM•6.2~3195 
CAIM=COStl~EAIMl 
SA Ht=SIN 1 THEAH11 
If1THEAI~.~T.3.14i591 THEA[M:2oJ.14159-THEAIH. 
WAP=WAP't-1! N . 
IF CTH~ATM.LT.?.0~441 WAP=WAP•CWAPMAX-WAPMINI°Cl.O•THEA[H0 0.47751 
WDWN=S~P?/CTCON-W•~•o.5 
If CTHE4IM.LT~2.09441 WDWN=SE~2/CTCON-WAP00o53 
oo· 45 1=1•3 · 
UPLANC[I:CAIM 0 U1C:I•SAIM 0 U2!II . 
UCONCil=-CTCON•uV-C!l-STCON•UPLANIII 

45 A I ~~P c 1, =sEP2•uvr c: 1 •RDc•uPLAN c 1 1 •wow.N•ucoN CI 1 

AIMPP 
A[MPP 
A[MPP 
AJMPP 
AIMPP 
AJMPP 
A[MPP 
AyMPP 
AJMPP 
AIMPP 
AyMPP 
A[MPP 
AJMPP 
AIMPP 
A!HPP 
AtMPP 
AtMPP 
A[MPP 
A[MPP 
AI~IPP 

AtMPP 
A.IMPP 
A[MPP 
AIMPP 
AIMPP 
AIMPP 
A[MPP 
AIMPP 
AIMPP 
AIMPP 
AtMPP 
AIMPP 
AIMPP 
AIMPP 
AIMPP 
AIMPP 
AIMPP 
AIMPP 
AIMPP 
AIMPP 
AJHPP 
AIMPP 
A I~IPP 
A!HPP 
AIMPP 
AyMPP 
AIMPP 
AJMPP 
A t~1PP 
A T~1PP 
AyMPP 
A!MPP 
AIMPP 
AJMPP 
AJMPP 
A J~1PP 
A J~IPP 
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3 

.4 
5 
6 
7' 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
19 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3!1 
31 
32 
33 
34 
35 
36. 
37 
38 
39 
40· 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 

ttl 
I 

co 



SUBROUTINE AIMPP 

P.EfURN 
EN,:• 

74/74 

AIMPP 
AyMPP 

59 
60 

2 



""' 0 
-.J 
0 
w 
I ...... ...... 
I 
~ 

5 

10 

15 

20 

25 

30 

35 

45 

50 

55 

SU~ROUTINE MONTEZ 74174 OPT=l 

SURROUTIME MONTE21X~l 
C•• T~IS IS THE ~ONTE CA~LO DRIVER ROUTINE FOR A FIXED TIME AND DAY 
C OF THE YEAR. FROM IT.IMTENo RNORMo LIMDRt AND PlOWER ARE CALLED, 

REAL N 
OIMENSIO~ TOPilSl 
INTEGER CILAT 
C0~MON/CAVITY/SEPoOC1tDDZ•RDIFoHDIFoHCAVoHSWTC!ZioRSWTC!Zit 

1 C!LATI21tCAVLATI2o211oAIMHGT . -
COMMON/TABLE/UHVIlloUAXV!lloUAV2(lltRST13loWFVoNHFtXDFoWD2oWFV2o 

1 RHSI31oDELXoDELYtWOtiFVtRRB!lloUAXVP(JioUXV2PP(~It 
2 UTTI3loUNNP(3toUXV2PI3l 
3 oUMNP13loUMNPP(31oFoALEN•UBEDNI31oiFOCoiDRIVE 
C0MMON/JOKER/U~PllloUS1llltTHSLoPHtTHSRoTHSUtCOUNTtWAVLI201oDRAD 
COMMON /STATS/TPaoT~BtPH3oTPVtPHVtAVEoTSVtPAX1VoPAX1BtPAX2VoPAXZB 

COMMON /qALL/ DC0Lt~CDELTI3)t~PoYPoPAX1oPAX2oOill 
COMHON/BA8A/STHoCTrloSEQoOMEoOMSoNI3ltUE13lo 

1 UN!JlolJS!lloUAI~loURllloTHETAoMONoiDAY,SHALRoCAPRtCEQ 
COMHON/RANOOM/N~UNo~RANCoiJUMP,MOOEoiSRANo!RAYS 

1 • IT1oUDNioLIMCoOINTVtYFRAC 
COMMON/SUPPT/DELTMtlH£So~SEGoAPHtS~,NSUPoRCONEoTHECONtHTOT 

C6MMON /JEFF/ UMNSI31tRRSil)oNSTOPSoA•BoCoSMAXoRFIELDtTHoiCHHt 
1 JCSHoiFC•I~IT•ICSH2oNCOL•IHOURtMINoELZtToTDlSXoTDISY, 
2 OU~AoDUMaoDUMCoUHNN11lloUMNN21lloUMNilltiOHIT•NLATt 
3 NLONGoiLONGoNLATCoRCOoNPACKtENHM 

COMMON /CINDEX/ XPC0LoYPCOLoCOSAoCOSB•SLDUMtWCELLoiCELLtJCELLo 
1 xCSAVoYCSAVoXCMoYCMoiCELMoJCELM . 
COMMON/STRUCTIGAPo~LONGoWSIDEoWTRioXLTRitB1oBZo~CROSSoWDUMoiFRAM 
OoKTMIRoHTCROSoWJCR~S 
COMMON/PLANE/IPLA~I1) 
COMMON/TOEICTAZToSTAZToCTELTt!FOCUSoSTELToUTARGI31oDTARGI3l 
OI~ENSION FRSHAOI4l 
DIMENSION XDFPR19o151tXMI91oiTTIZll 
DIMENSION FLMAPC12Io36l 
OI'-1ENSION AEeOTNIZo 101 oAFLUX!ZI oFIELD( l2ol21. 
DIMENSION ETAI7l•EPM(81 
DIMENSION NDMI1ZiolD1361oSLilSI 
DATA NDM/3lo28,J1ol0ol1o30tllo31o30o31o30o3l/ 
IF!CoLT.o.OOOSI GO TO 6Z 
WRITE16o753Zt 

753Z FORMAT!1H1ol ,j9Xo28H~ELIOSTAT OPTICAL PARAMETERS,/) 
WRITE16o7COll PAX1~oPAX2BtTSBoPHBoPAX}VoPAX2VoTSVoPHV 

7001 F0RMATI15Xo5HPAX1Bo5Xo5HPA~2Bo7XtlHTSBo7Xo3HPHBo5XoSHPAX1Vo5Xt 
}5HPAX2Vt7Xo3HT5Vt7Xr3HPHVt/o10XolOF10,5o/l 

NN1=NLATC 
DO 8011 I=lo7 

BOll I PLAN I II:() 
DO 41Z 1:1,4 

412 FRSHADIIJ=OoO 
DO 3010 1=1•20 

3010 ITTIII=O 
XKNT=O,O 
CALL ~OOFfloO,) 
DO 6101 I=1•NN1 
DO 6101 J=1oNLONG 

6101 fLMAPC!I,JI=O• 
TOPC=O, 

MQNT€2 
MONTE~ 

MONTE;>. 
MONTE2 
MONTE2 
MONTEZ 

. MONTE2 
MONTEZ 
MONTEZ. 
MllNTE2 
MONTEZ 
MONTF.2 
MONTE2 
MONTE2 
MONTEZ 
MONTEZ 
MONTEZ 
MllNTEZ 
MONTEZ 
FINAL 
MONTE2 
MnNTE2 
Mf)NTE2 
MnNTE2 
MONTE2 
MONTEZ 
MONTEZ 
MONTE2 
MONTEZ 
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MONTEZ 
MONTEZ 
MnNTE2 
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SUBROUTINE MONTEZ- 74174 .OPf=J F'fH ~ •. S~41U lll/21177 21,·51,16 .PAGE z 

CALL POL!o!AP IO.oO.oO.o1.oOI MONTEZ 59 
DO 8101· r=Io1Z. MONTEZ 60 

60 DO iHOl J=lolZ MONTEZ 61 
8101 F'IELD<It.:II=Oo MONTEZ 6Z 

CALL HITFACIOtOtOtltOI. MONTEZ 63 
SPPT = 0.0 MoNTEZ 64 
SHADL=O.O MONTEZ 65 

65 IDFL=Z MONTEZ 66 
DO 700~ ~AC=l•IDFl MONTEZ 67 

7009 AfLUXI"'ACl=O. MONTEZ 6~ 
oo 3611 I=lt7 MONTEZ 69 

3611 XMIII=O. MONTEZ 70 
70 DAY=FLOAT I IDAYI MONTEZ 71 

• OE"'O~=sO~T I A•A•B•Bl MONTEZ 7Z 
ELZ=ATAN?.ICtDENOMI MONTEZ 73 
CALL I NT EN I MONt I DAY tELZoUO!'III) MONTEZ 74 
XKWNI=.003!5°UDNI MONTEZ 75 

75 THETAZ=ATANZIBtAI 0 360.D/IZo0°3ol4159l MONTEZ 76 
JF ITHETAZ oLT •• 00011 THE1A2 =Ti-lE! AZ•J60, 0 MONTEZ 77 
TELZ=ELZo360.011Z.OoJ.!41591 MONTEZ 78 
wRITE (6,ZZI TfLZtTHETAZtX"W~I MONTEZ 79 
XMONI=KKwNI MONTEZ 80 

80 zz FORMAT I It 7X t 3HELZ t4X t !)HTHEUZ t'5Xt5HX~:WNI t/t3f'l0.5tll MONTEZ 81 
UD~I=.00315°UO~I°C. MONTEZ 8Z .,. AVE=O.O MONTEZ 83 tJj 

0 ICOLO=O MONTEZ 84 I 

-.J ICOLS=O MONTEZ 85 ...... 
0 to.) 

(..:I 85 ICOLH=O MONTEZ 86 
I COLO=O.O MONTEZ 87 ...... ...... COLH=O.O . MONTF.:Z 88 
I c FOR POLA~ PACKING THE"JRAW !RANGE IS EXTENDED FROM RCOIZ TO RFIE'_D• MoNTEZ 89 to.) 

RFIELD=PFIELD~0.1°TH MONTEZ 90 
90 RCO=RCO/Zo MONTEZ 91 

AREA=3.14159•1PFIELO•R:IELD-RCO•RCOI MONTEZ 9Z 
CONV=.09?.9•AREA0UD~I MnNTEZ 93 
RCnz =·RcO•RCO MONTEZ 94 
OELRAO = RF.IELD00 Z - R~OZ MONTEZ 95 

95 RF.IELO=RFIELD-O.l•TH MnNTE2 96 
"RCO=RC0°2· MONTEZ 97 

c THic; IS BECAUSE Q IS IN LA:~GL'I'IMlN. MONTEZ "98 
WRITEI6t}Oilll CONV MoNTEZ 99 

1001 FOP.MAT 1/tZOXolOH•oooo~oooo,zoH CONVEFSION FACTOR =tEZO.lDt MONTEZ 100 
. 100 1 JlH oooooooooot/1) MONTEZ 101 

00 Z97 I:lt3 MONTEZ lOZ 
Z97 UHV I II =UE I I I MONTEZ 103 

00 1004 NX=itNRUN MONTEZ 104 
DO 7010 ~AC=l•IOFL MONTEZ 105 

lOS 7010 AEOOTNCH~C,NXI=O. MoNTEZ 106. 
TOPCAV=O. MONTEZ 107 
DO ZOO JJ=ltiRAYS MONTf.Z lOB 
ICELH=n · MONTf.Z. 109 
JCELM=o MONTfZ 110 

·uo· XCM=O. "'ONTF.Z 111 
YC'-'=0. MONTEZ llZ 
CALL RNO~MIR6tR71 MONTEZ 113 
THSL=TSVoRt'>•TSB MONTEZ 114 
PH=360.•QA"'F(O.OI MnNTF.2 115 



"'" 0 
-.J 
0 
w 
I ...... ...... 
I 

N 

. . . . . 
SU~ROUTINE M)NT~Z OPT=1 

115 

1ZO 

125. 

130 

135 

·140 

145 

150 

155 

160 

165 

170 

C~LL RNO~MIR3tR41 

PAX1=PAX]VoP3+PAX19 
PAXZ=PAX~voR4+PAXZB 
RZ:RANF"Inol 
RJ:RANFIO.l 
CSRA=COSib.Z8318°RZI 
SNRA=SIN16.Z8318°RZI 
CALL LIMORIR3tLIMCtROE~NI 
THSR=ROEqNoCSRA 
THSU=KOE»N°SNRA 

708 Rb:RANFI"Oo) 
R7:RANFIO.) 
ND1=Z 
COUNT=1. 
IAC=O 
CDUM1=COSI6oZ8318"~61 
CDUMZ=SINI6oZ8318°R6) 
CDIIM3=SQRTIIRF"IELD•O.l 0 THI 00Z0 R71' 
XP=COU~1oCoUM3-TOISX 
YP=CDUMZ<>COUM3-TDISY 
IF ISQRTIXP 0 XP•YP"YP) .LT. RCO/Zol. G~ TO 708 
CALL TSHADIODB~SE,OOTOP,ICODI 
It IICOD.EO.OI GO TO 8000 
ITTI141=ITTI141+1 
GO TO ZOI> 

8000 CALL PTOWERIND1tiACtARATIOI 
ITTIND1•11=ITTIND1•11•i 
ICOLH=ICOLH•ICHH . 
I CoLS= ICoLS• I CSH 
ICOLO=ICOLO•IOHIT 
COLH=COLH•COUNT"ICMH 
CDLO=COL~•COUNT"IOHIT 

C ENERGY LOST IN MIRROR SHADOWS 
SHADL=SHADL•COUNT"ICSH 
IF"IIF"RAM.GT.OI FRSHAOIItRAMI=FRSHAOCIFRAMI•COUNT 
IF IN01 .GE. 4) CALL. POLMAPICOUNTtCONVtNPPtZtND11 
IF IN01oE0.121 S~PT=SPPT+COUNT 
IF 1 IAC.EI).OI ·GO TO 200 
EOOTN=CD'JNT 
IIVE=.AVE•EDOTN 
AEDOTNIIIICoNXI=AEDOTNIIACtNXI•EDOTN 
tiELOIIC£LMtJCELMI=FIELOIICELMtJCELHI+COUNT 
IFIIAC.E0.31 TOPCAV=TOPCAV+COUNT 
IFIIAC.Eo.31 CIILL ROOtiZtDCONMI 
IFIIAC.f.l).21 FLHAPCICILATIZitiLONGI=FLMAPCICILATC2loiLONGI+CDUNT 

200 CONT lrJUE 
DNM=1o/FL0ATCIRAYSI 
XDFPRC1tNXI=FLOATCICOLHI 0 DNM 
ONM2=FLOATIIC0LSI . 
DNMJ=l./FLOATIIRAYS•ICOLSI 
XOFPR12t~XI=ON~2oDNHJ 
0NM4=FLOATIICOLOI 
XDFPRC3oNXI~DNM4°0NH 
XDFPR14t~XI=AVf."0NM 

TOPCNX)=TOPCAV 0 DNM 
DO 7004 MAC=1•IDFL 

~~n& A~nnTNtMA~-Nri:AEOOTN(MACtNX)"0NM 

MQNTF.Z 
MONTf2 
MONTF.2 
MONTf2 
MONTE2. 
H()NTEZ 
14nNTE2 
MONTEZ 
MoNTE2 
MONTEZ 
H()NTE2 
MONTEZ 
MONTEZ 
MONTf2 
MONTF.2 
MONTE2 
MONTEZ 
MONTF.Z 
MoNTEZ· 
MONTF.Z 
MONTEZ 
MONTEZ 
MONTf2 
MONTE2 
MONTE2 
MONTEZ 
MnNTEZ 
MONTE2 
MnNlE2 
HONTE2 
MnNTE2 
MnNTEZ 
MnNTF.2 
MONTEZ 
MO!'HE2 
MoNTE2 
MONTE2 
MONTEZ 
MONTEZ 
HONT.E2 
MONTF.2 
HONTF.2 
MONTF.2 
HONTfZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTF.Z 
MONTEZ 
MONTEZ 
HONTFZ 
M()NTF.Z 
MnNTFZ 
MONTEZ 
HONTE2 
MONTr2 

116 
117 
118 
119 
1ZO 
1Z1 
1ZZ 
1Z3 
1Z4 
1Z5 
1Z6 
1Z7 
1Z8 
1Z9 
130 
131 
13Z 
133. 
134 
135 
136 
137 
13a 
139 
140 
141 
14Z 
143 
144 
145. 
146 
147 
148 
149 
150-
151 
15Z 
153 
154 
155 
156 
157 
158 
159 
160 
161 
16Z 
163 
164 
165 
166 
167 
168 
169 
170 
171 
17Z 

3 

to 
I .... 

w 
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175 

180 

185 

190 

195 

200 

2.05 

210 

215 

2ZO 

ZZ5 

"'" 0 
..,J 

0 
ol:o. 

• --• ~ 

1004 CO,.,,TINUE 
00 180Z t=l•NRUN 
TOFC=TOPC•TDPIII 
00 7005 v.Ac=1•IOFL 

7005 AFLUXIMACI?AFLUXIMACI•AEDOTN•MACtll 
180Z CO~~;THIUE 

OCCNM=.Oo1oCONV/rLOATIN~JN°fP.AYSI 
SPFT = SDPT•OCON~•1000. 
00 6106 !=1tNN1 
00 6106 J= 1tNLONG 

6106 rL~APCci,JJ = FLMAOC(It~ 0000NM 
XXR=1./rL0ATCNRUN•IRAYSI 
00 810Z I=lt1Z 
oo 810Z J=lt1Z 

810Z FIE'LOI I •.II =FIELD II •J1°XX~ 
TOPC=TOPC/rLOATINRUNI 
00 7006 v.Ac=1•IOFL 

7006 Af'UUX (MAC I :ArLUX CMJICIINRJN 
WRITE16tl8?.01 NRU-.t!RAYS 

18ZO F0QMATCZ5Xt1SHSTATISTICS FOR ti4t8H RUNS ATtl6t13H RAYS PER RUNtlt 
WRITE 16tl8?l l 

1821 rOPMATC /t40Xt10Hoooooooooo,]l~OUTPUT C00Et10H0000000000 •1/t10Xt 
144i'£TA1=rRACTION Or riEL) FLLX THAT HIT MlRRORStlt10Xi 
Z161'£TA~=<~ErLECTANCEtlt101Ct 
349>£TA3=rRACTlON OF FLUX NOT' OeSCURED 011 THE WAY OUTtltlOXt 
536i'£TA4=rRACTlON Or FLUX THA.l HIT TOWER· It 1 OX t 
65Zi'£TA5=rRACT10N OF' f'IELJ FLUC THAT HIT CAVITY tlt10Xt 
753HETA6=rRACTION OF FIELJ FLLX THAT HIT THE CAVITY WALLStlt10Xt 
R5~HETA7=rRACTION OF f"IEL) F<L.LX THAT IIIAS IN TOWER SHAOOlloll 

WRITEC6t00011 
9001 FOQM~TC /ti0Xt34HEFLUX1=rOTAL FLUX ON FJELD IN Kill t/t10Xt 

140HEFLIJX?= TOTAL FLUX ON "'I RR::·RS IN Kill t/t1 OX t . 
;>4ZHErLIJX3=TOTAL FL;Jll LEA'/ING iMIRRORS IN KW tltlOXt 
355HErLUX4=TOTAL FLI.JX CLE~NLY AWAY FROM F'IELO IN KW' t/t10Xt 
t39HEF"LUX5=TO,AL FLUX 0~ ~OWE~ TOWER IN ~~~~ tltlOXt 
?37HErLUX6=~LUX ON CAVITY OIF~USER IN KW tlt10Xt 
734HErLUX7=rLUX ON CAVITY WAL~S IN KW tlt10Xt 
e37HErLUXA=~LUX ON CAVITY CEILING [N Kill til 

WRITE 16t?.799J 
2799 rOPMATC lOXtZ8~~1=RAYS )RAW~ BEFORE SUMRlSEt/tlOXt 

.138HNZ=RAYS DRAWN -HEN THo SU~ WAS TOO LO~t/t10Xt 
Z37rlN3=RAYS DRAWN T"iAT HI r THE OPEN FIELC•tlt10Xt 
347HN4=RAyS W'iiCH HIT MIR~OR ::UT WERE LOST IN SPACEtlt10Xt 
443HN5=QAyS'ORAWN THAT •E~E RLDCKEO IN 0M9LOCKSt/t10Xt 
53!'HN6=:ayS THAT WE~E OBS:UREC IN OrF8LOCKt/t10Xt 
633HN7=RAYS WHICH HIT CAVITY ClrrUSER•I•IOXt 
723HNB=QAyS WHICH HIT •AL_St/~10Xt 

~Z2HN9=RAYS WHICH HIT HQO~t/t]OXt 
QZ6..;l>J10=RIIYS !riHIC"i "'ISSED HlG!-t/o1DXt 
1.)8!-<N1l=RaYc; W'iiCH "'!SSEO ACR:Ss THE FRDI'tTt/•10Xt 
125Hti12=Rt.YC. WHICH "'ISSE'O LOol,./tlO.ICt 
?Z7t4-Jl3=RAYC. WHICH "ill SU>PO'HStltiOXt 
J3'1,..~14=R~Yc; WHICH WERE H T,-i:O: TOWER Si>iAL;OW,/tlOXt 
•?BI-tf'll5=RAY5 WHICH WHISTL.:D T-il-tUt/tlOll.t 
44JHN16=Rt.Yc; WHICH FRAME ·;HAO:wt:O ON SAME HELIO.t/•10Xt 
5441-iNl7=RAYS WHICH FRAME ·;HAO·J'WED ON OTHER HELI0olt10Xt 
64ZH:II18=RAY5 WHICH F'RAME '3LOC-';:!Ef) ON SAME HELIO•/o10Xt . 

MONTEZ 
MoNTE2 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTE? 
MONTFZ 
MONTEZ 
MONTf2 
MONTEZ 
MONTEZ 
MoNTEZ 
MONTEZ 
MnNTF"Z 
MONTEZ 
MONTE:2 
MoNTEZ 
MONTEZ. 
MONTEZ 
M()NTF.Z 
MONTEZ 
M(lNTEZ 
MONTEZ 
MONTEZ 
MONTE:Z 
MONTEZ 
M(lNTEZ 
MoNTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MoNTEZ 
MONTEZ 
M(lNTEZ 
MONTFZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTFZ 
MONTr2 
MONTFZ 
MnNTF2 
MoNTEZ 
MnNTE2 
MONTEZ 
MoNTEZ 
MONTEZ 

173 
174 
175 
176 
177 
178 
179 
180 
181 
18Z 
183 
184 
185 
186 
187 
188 
189 
190 
191 
19Z 
193 
194 
195 
196 
·197 
198 
199 
zoo 
Z01 
zoz 
Z03 
Z04 
Z05 
Z06 
Z01· 
Z08 
Z09 
Z10 
211' 
Z1Z 
Z13 
Zl4 
Z15 
216 
Z17 

. Z18 
Z19 
2ZO 
ZZI 
zzz 
ZZ3 
ZZ4 
zzs 
ZZ6 
Z27 
228 
Z29 
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240 

245 

250 
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260 

265 

275 

28:> 

285 

SUBROUTINE MONTF.Z 74/74 (lPT=i 

c 

743HN19=RAY~ WHIC~ FR~ME BLOCKED ON OTHER HELlO! 
TOPC=TC!Pr.or.O"'V 
NTOT=NRU'loJRAY<, 
)(p.!(1l=CO!IIV 
XMC2l=ICOL~oCONV/NTOT 

XM!3l=COLH°CONV/NTOT 
XMRLOC=COL0°CONV/NTOT 
XMS~AD=SHADL°CONV/FLCATINT0Tl 
XMC5l=AVE/NTOTocONV 
XM(61=AFLUXI11oCONV 
XM!7l=AFLUXIZioCONV 
XM(81=TOPC· 
FR~HA0(11=~RSHADI11oC~NV/FLOATINTOTl 
FRSHADIZI=FRSHAOIZIOQONV/FLOATINTOTI 
FRSHA0!3l=FRSHAOI31°00NV/FLOATINT0Tl 
FRSHAUI4l=FRSHAOI41000NV/FLOATINTOTI 

cooo•ooFRSHAOIJI=ENERGY LOST FROM FRAME SHADOWS 
Cooo•ooON THE SAME HELIOSTAT WHICH CONTAINS THE HIT FACET 
c 
cooo•ooFRSHAOI?I=ENERGY LOST FROM FRAME SHADOWS ON HELIOSTATS 
C OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET -
c 
cooo•ooFRSHAOI31=ENERGY LOST FOOM FRAME BLOCKS ON THE SAME 
C HELIOSTAT WHICH CONTAINS THE HIT FACET 
c 
coooooOFRSHA0141=ENERGY LOST FROM FRAME BLOCKS ON HELIOSTATS 
C OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET 
c 

XM141=XM(31-XMRLOC 
XMAHBE=X~(41-XMI51 

XM~EFL=X~I~I-XM(31 

ETA!11=X~IZI/XMC11 
ETAIZI=1.0-XMREFL/XM121 
ETAI31:1,0-XMBlOC/XMI31 
ETAI41=1,0-XMA~BE/XMI41 
ETAI51=XMI~I/XM111 
ETAI61=XMI71/XMI11 
ETA I 7 I =FLOAT I ITT I 141 r/FLDATINRUN°1 RAYS I 
ODUM=1,/ETAI11 . 
XXR=CONV/1,09Z9oWCELL•WCELLI 
DO 8103 t=1•1Z 
DO 8103 J=lo1Z 

8103 FlELDI!oJI=FIELDiltJI•XXR 
WR!TEI6t!0051 ll•l=1t71 

1005 FOQMAT(/,10Xt7C~x,3HETA,Illl 
WRITE 16•1 0061 lETA I II• I=1t71 

100E FORMAT<lOXo14F8,51 
KI=l 
WRTTEI6t10071 IJ•J=l•~l 

1007 FORMATI/,8!9Xt5HEFLUXollll 
WRTTEI6t10081 IXMII1ol=1•81 

100e FO~MATI9F1S.61 
2001 FO~MATI/o1nXo9(3Xo1HNtl11tl013Xo1HN;1211 

WP.tTEI6t20011 II•I=1tl91 
WRTTEI6t?00Zl IITTIII•I=1•l91 

2002 F0PM~T!1rX,9!5;10!~,/I 

03/?.1177 21.51.16 

MONTF.2 
MONTF2 
MONTF:? 
MONTE? 
MnNTEZ 
MoNTEZ 
MoNTEZ 
MnNTF.Z 
MONTEZ 
MONTEZ 
MONTF.Z 
MnNTF.Z 
M('INTFZ 
MONTEZ 
MONTEZ 
MoNTEZ 
MnNTEZ 
MONTE2 
MONTE2 
MnfiiTF.2 
MnfiiTE2 
MONTEZ 
MoNTEZ 
MONTEZ 
MONTE2 
M0NTE2 
MONTEZ 
MONTEZ 
MONTE2 
MONTEZ 
MnNTE2 
MONTE2 
MONTE2 
MONTE~ 
MONTI;Z 
MONTEZ 
MONTE?. 
MONTE2 
MONTEZ 
MONTEZ 
MONTEZ 
MnNTF.Z 
MONTEZ 
MoNTEZ 
MONTEZ 
MoNTEZ · 
MONTEZ 
MnNTE2. 
MONTEZ 
M(lNTE2 
MONTEZ 
MONTF.?. 
MONTEZ 
MONTE2 
Mnr-fTE?. 
MONTE2 
MONTEZ 

230 
231 
Z32 
Z33 
Z34 
235 
236 
237 
238 
239 
240 
241 
242 
Z43 
244 
245 
246 
247 
248 
249 
250 
Z51 
Z52 
Z53 
Z54 
Z55 
Z56 
Z57 
Z58 
259 
Z60 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
Z81 
Z82 
283 
284 
285 
ZB6 
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Z90 

Z95 

300 

305 

310 

315 

3ZO 

3ZS 

330 

335 

340 

SUBROUTINE MO~HEZ 74/74 OPT=1 FTN 4.5~410A 03/?.l/77 21.51.16 

100Z FORMAT!lHll 
liR!TEI6o20l 

20 FORMAT( //oZOXo1~HTIME POINT ~UN) 
AF!ELO=DELP.AD03.141~9 
AREAM=NCOL~NHF•wD•wFV00.09Z9 
EPMI1l=CXMIZl•XMS~AD•FRSHAOil)+F~SHADI2ll/A~EAM 
DO Z1 I=?•~ . 

Z1 EF'MIIl=X~(Il/AREAM 

EPMI6l=EPM(5) 0 0,9 
TEl=EPM(Jl/XMD~I 
TE~=EPM(4l/X~DNI 
WRITE<6•Z7l AREAMoXMDNI 

Z1 F'ORMAT(/,9Xo1B~ACTUAL MIRROR ~qEA•10XoZOHOIRECT NORMAL. ENEQGYt 
o lt15Xtf1Z.4o18XoF1Z.4l 

WRJTEC6t?3l IEPMillol=lt6l 
Z3 F'O~MATC//tZ3Xo26HE~ERGY CKWHl FER SQ. METERt 

l/•ZOXolO~UNSHAOOWEJo10Xtf'1Z.4t 
ZI•Z0Xo8HSHADOWEDo1ZXoF12.4o 
3/o20Xo14HLf.AVING MIRQO~o6XtF1Z.4t 
4/~?0Xo1ZHCLEANLY AwAYt8XoF1Z,4o 
5/tZOXolJHT~RU APERTUREo7Xof1Z.4t. 
6/oZOX~8HA8~0RBEDo1ZXoF12o4l 

WRTTEC6o?4l TE1oTEZ 
Z4 FORMAT C I lo15X o19riTRACI\ rNG EFFrCIENCYoZ>(o1ZHIUNSHADOWEDl ·, 7X.. 

~f10.4o/t~61o14HCCLEANLY AWAYl.SX•F10o41 
WR!TE (6,51 

5 F'OPMATC lt11Xt9>iN!JMf!ER Ofo5).o7HSUPP:)RTt7Xt6HKWH ONtlt1ZXtBHSuPP 
tORTSo7XoSHWIDT~,4XoAHSUPPORTSI 
WRITE (6,101 NSUPoSWoS~T 

10 FORMAT l/tl0Xtl10oFlZ.L•f1Z.1e/l 
WRITEC6,q010l CIPLANCIPltiP=1•7l 

8010 FORMAT l//o36XoZOH>if.LIOSTAT FRAME >iiTSo//oZOXo9HTOP FRAMEt4Xo 
2 11HSIDE fRAMESo4Xo1ZHCROSS F'Rt.MESo4Xt lZHBOTTO~ FRAMEtlt22Xt 
3 l3o9Xol3o3Xol3o5Xo3CI~o2Xlo6~ol3l 

WRITEC6o1150l F'RSHADC1ltFQSHAOIZloF'RSH~DI3loFRSHADI4l 
3150 F'ORMAT(//o40XoZ7HENERGy LOST 0~ TRAME IN KWHtlloZ8Xo1ZHFRAME SHAOO 

•W•ZAXo11~F'RAME 8LOCKo/•16Xo13HON SAME ~ELIOt7Xo 
l13HON DIFF' HELJOo7Xo13wON SAME HELIOt7~o13HON Dlff HELIDtlt 
21SXoF1Z.1oP.Xof1Z.1o8XoF12.1o8Xtf1Z.ll 

WRITEI6o700Zl 
CALL HTTFACCOoOo0o3oNHFl 
XZQNE=6.?83185•RSWTCI2~ 0HCAV•0,09Z9/F'LOATINLONG*NLATCl 
PZONE=1./XZO:--IE 
DO 640Z t=1oNN1 
DO 640Z J=loNLONG 

640Z F'LMAPCCI.Jl=FLMAPCIIoJ)*F'ZONE 
CALL WALLMPIFL~APCoNLONGtNLATCoHCAVI 
CALL ROOFI1oOCONMl , 
WRITEII>oFI104l 

~104 F'OP~ATCZCXe44HKW/S~.M FLUX MAP CF' POWE~ TOWER MIRROR FIELOo/1 
00 8105 J=ltlO 

Al05 WkiTEI~oP106l CF'iELOCitJlol=lo~CI 
810~ F'OQMATC10Xe1?.F'lOe6l 

CALL POL~AOCCOUNToCONVtNTOTo3oN01l 
STF.Sl=IO.E•30 
NMi(=llO 
IS=NI'IX/10 

HONTE2 
MONTE?. 
MONTF.Z 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MoNTEZ 
MoNTEZ 
MONTEZ 
"MONTE~ 

MONTEZ 
MONTEZ 
MONTEZ 
MoNTEZ 
MONTE2 
MONT-EZ 
MONTEZ 
MONTEZ 
MONTEZ 
MoNTI:Z 
M'ONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ 
MONTEZ· 
MoNTF.2 
MoNTEZ 
MONTEZ 
MONTF:Z 
MONTEZ 
MONTF.Z 
M(INTEZ 
MONTEZ 
MONTE?. 
MONTEZ 
MONTEZ 
MnNT.EZ 
MONTEZ 
MONTEZ 
F'JNAL 
fiNAL 
FINAL 
FyNAL 
FINAL 

.MONTEZ 
MONTEZ 
MONTF.Z 
MONTf2 
MONTE~ 
MONTF:2 
MONTF.2 
MONTF?. 
MONTEZ 
MO~ITEZ 
MONTEZ 

Z87 
288 
Z89 
Z90 
Z91 
Z9Z 
Z93 
Z94 
Z95 
Z96 
Z97 
Z98 
Z99 
300 
301 
30Z 
303 
304 
305 
306 
307 
308 
309 
310 
311 
31Z 
313 
314 
315 
316 
317 
318 
319 
3ZO 
321 
3ZZ 
3Z3 
3Z4 
3Z5 
3Z6 
3Z1 

?. 
3 
4 
5 
6 

3Z8 
3Z9 
330 
331 
33Z 
333 
334 
335 
336 
337 
338 

PAGE 
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345 

350 

355 

360 

365 

370 

375 

SUBROUTINE ~ONTEZ 74/74 

K=ll 
ISTOP•"IS 
00 3050 'IN=ltNI4X 
S'4AX=O,O 
DO 3040 I=ltll 
DO 3040 J=itlO 

F'TN 4.5•410A 

3040 IFcFIELDCI•JloGT.S'4AXoANDoF'IELDCitJl.LToSTESTl SMAX=FIELDCitJl 
STEST=SMAX . . . 
IFcNN.tT,fSTOPl GO TO 3050' 
ISTOP=ISTOP+JS 
K=K•I 
SL!Kl=SMAX 

3050 CONTINUE 
KK=K-1 
WRITE (h,31BOI CSLCII•I=ltlOI 

3180 FORMATC1Hlo//•10Xo8HSL ARRAYtlOF'lOo6t//l 
DO 61 ,I: 1 , l 0 
DO 73 I=l•ll 

7l 10111=0 
00 7(1- I=ltll 
00 6(} KL=l.KK 
KLX=I<K-KL•1 
IFcFIELDCioJI .• G.ToSUKLXII GO TO 43 
GO TO 70 

4) IOCil=KLX 
60 CONTiNUE 
70 CO"'THJUE 

WRITEC6t65! CIOCIIl•II=l•1ll 
65 FCPMATCZOXoZOl4•//l 
61 CONTINUE 
6Z CO"'TINUE 

RETURN 
END 

03/Zl/77 Zlo5lol6 

MONTEZ 
MONTFZ 
MONTFZ 
MONTEZ 
MONTEZ 
MONTE2 
MONTE2 
MONTE2 
MONTE2 
MONTE2 
MONTE2 
MOI'HE2 
MONTF. 2 
MONTE2 
HOI''Hf.2 
MONTE2 
MONTf2 
MONTE2 
MONTE?. 
MONTE2 
MoNTf2 
MONTE2 
MONTE?. 
MONTE?. 
MONTE?. 
MONTf.2 
MONTE?. 
MQNTE2 
MONTE2 
MONTE?. 
MoNTE?. 
MO"'TE2 
MONTEZ· 

339" 
340 
341 
34Z 
343 
344 
345 
346 
347 
348 
349 
350 
351 
35Z 
353 
354 
355 
356 
357 
"358 
359 
360 
361 
36Z 
363 
364 
365 
366 
367 
368 
369 
370 
371 

PAGE 
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SUBROUTINE 140NTE 74/74 OPT=l CI:U2~17" 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

SJqROUTI~E MONTEIX~oHOURSI 
c~o T~I5 IS TH~ TI~E INTEGRATION ROU~INE. IT ~ANDOMLY CHOOSES A TIME 
C AND D~Y OVER THE ENTIRE YEARo AND ~SES THE ~ESULTS TO INTEGRATE 
C YEA~Lf ENERGY. FROM ITo VECTSo :NiEN• RNOR~ AND PTO~ER ARE CALLED. 

R~AL N 
DIMENSION TOPI151 
I'ITEGER ClLAT 
:o14MON/CAVITY/SEP•OOlo002•RDlftHD1FtHC~VtHS~TCI21oRS~TCI21t 

1 :ILATC21oCAVLATI2t211oA1MHGT-
CJMMDN/TABLE/UHVI31oUAXVI31oUXW2131tRSTt31t~Fy,NHFtXDftWD2tWFV2t 

1 QH<; I 31 oOELXoOEL Y ,woo If"f'o!QRB I 31 oUA~ VP I 31 oUXV2PP I 31 • 
2 UTTI31oUNN~C3loUXV2PC3• 
3 oUMNPIJI oiJMNPPCJI ofoALENoUBEOij(31 oiFOCi10RIVE 
CJMMON/JOK~R/URPI31oUS1131oTHSt•PHoTHSRtTHSUtCOUNT,WAVLI201oDRAD 
CJMMON /SThTS/TPa,TSBtPHBoTPYtPHVtAVE,T~V,PAX1VoPAX1BtPAX2YtPAX2B 

CJMMON /gALL/ OC0LoSCDELTI31oXPoYP~PAXltPAX2tOC31 
CJMMON/BABA/STHoCTrloSEDoOMEoOMSoNIJioUEt31, 

1 UNI31oUSC31tUA131oURI31trH(TAtMON•ICAYtSMALRtCAPRtCEQ 
CJMMON/RANOOM./NRUN, I RA"'C, I JU;~P • MODE olSR~ "'oiRAYS 

1 • IT1oUONioLIMCoOINTVoYFRAC 
CJ14MON /JEff/.UMNSI31•RRSI31 oNSTOPS•AtBtCoSMAXtRFIELOtTHtTCMHt 

1 ICSHolfCtirliT•ICSH2•~COL•1HOURt~INoELZtTtTDISXtTDlSYo 
2 OU"A t DUMB • OUMC • U'1NN113:·, UM'IIN213J t UMN I 31 • lOHI TtNLA T' t 
3 •!LONG• ILONGt"lLATCoRC•)oiiPACKoENH,..i 

CJMMON /CI~DEX/ XPCOLtYPCOLo~OSAoCOSBtSLOUMt~CELLtiCELLtJCELL• 
1 xC<;AVtYCSAVtXCMoYCMtiCfLMoJCELM 

CJMMON/S:JPPT/DELTMoTHESoKSEGoAPHoSIItNSUFoRCONEtTHECONtHTOT' 
CJMMON/TILTEO/TTILTtUVTIJltiJI 13ltU2131t~APMAXt~APMIN,OFFSET 
.CJMMON/STRUCT/GAPo~LONBoWSIOEoWTRltXLTRioH1tB2tWCROSSt~DU"•1FRAM 
D~~THIR.HTCQOStWJCROS 
CJMMON/TOE/CTAZToSTAZT~CTELTolFOCUSoSTELToUTARGI31tOTARGill 
OIMf.NSIO'II FRSHAOI41 
CJMMON/PtA~E/IPLANI71 
OiMENSIO'II W0fPRC9o151•XMI91tiJ~I211 
OIMENS!O'II fLMAPCC21o36l 
DIMENSION AEDOTNI2•101,AFLUXI2~•FIEL011rt121 
DIMENSION ETAI71•EPMC81 
OI~ENSION NOMI121tiOC361oSLI15) 
Oil TA NOM/31, 59 ,qO t 120 o151 • 18lo 212 t 243t2i'3t 304t 334t 365/. 
W'l!TEC6t75321 

1532 f::JQMATC1"1• lf39Xo2AHHELIOSHT OPTICAL F·ARAMETERSo/1 
w;IT~I6t70011 PAX1RtPAX28oT3titPH8tPAXlYoPAX?.VoTSVtPHV 

1001 FC~MATI1~Xo5HPAX19tSX•~HPAX23o1Xo3HTS8,7Xt3HPHBt5Xt5HPAX1'•5~t 
1 5HPAX2Vt 7X, JHT<;y, 7X, JHPHVt lo 10:(, 1 Ofl 0 ,5,11 
~I=NLATC 
()() 8011 t=lt7 

i\011 IP!..ANIII:O 
· 00 412 1=1o4 

412 fP.<;HAOCil=O.O 
.00 3010 t=lo20 

3010 ITT I I I =0 
CALL HIT>ACIOtOtOtloOI 
CALL T~AP(Q,,O.o1o1.,0,0ot11 
C~LL POL~AP CO,,O.tO,o1t01 
CALL ROOF' I 1•0• I 
00 6102 t=1 tNN1 

MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MnNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MoNTE 
MONTE 
MONTE 
MnNTE 
MONTE 
MONTE 
M!)NTE 
MONTE 
MONTE 
FINAL 
MONTE 
MnNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MnNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MoNTE 
MnNTE 
MONTE 
MoNT F.: 
MONTE 
MnNT.E 
MONTE 
MONTE 
MONTE 
MnNTE 
MnNTE 
MONTE 
MONTE 
MnNTE 
MONTE 
M()NTE 
MnNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONT F.: 
MONTE. 

z1.s1o t& PAGE 

2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
IS 
)6 
11 
18 
19 
20 
21 

1 
23 
24 
25 IIJ:j 
26 I 

27 
, ... 
00 

28 
29 
30 
31 
32 
33 
34 
35 - 36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 



~ 
0 
-J 
0 
CA) 

I ...... ...... 
I 

1:\:) 

60 

65 

70 

75 

80 

85 

90 

95 

100 

lOS 

110 

031?1111 ?1.51·16 

00 6102 .r= 1tNLONG 
6102 fLMAPC!IoJI c O. 

TOPC=O. 
TOTEIII=O.O 
TOTONI=O. 
COLH=O.O 
COLO=O.O 
EN'1"'=o.o 
FOPT=O.O 
SHAOL=O.O 
NTOT=NRIJ!II0 IRAYS 
XK,H=O.O 

C POIIIIT 0 
00 8101 I=lt12 
00 810 1· J= 1o12 

8101 f!ELOII•JI=O. 
IOF"L=?. 
CTILT=COSCTTILTI 
5 TILT =S 1111 C TT I L TI­
SPPT = 0.0 
00 7009 ~AC=1•10FL 

70Q9 AF"LUXIMACI=O. 
00 3611 !=1•7 

3611 XM C I I =o·. 
"'ON=6 
IDAY=21 
T=J2. 
CALL VF.:CTS 
OENOM=SORT(A•A•8°8) 
EL7=ATAN?.ICoOENOMI 
CALL lNTENCMONo!OAYoELZtUDNll 
UDNI=.0031S•UDN!°C 

C F"OR POLAQ PACK PlG THE DRAW RANGE IS EXTENDED FROM RC0/2 TO RF'lELD• 
RF"!ELD=R~I~L0•0.1°fH 
RCO=RCOI?.• 
ARfA=3.141S9•CRFIE~D0RF'IELD-RC0°RCOI 
COIIlV=.09?9<>UONI•AREA•OIN.TV 0 YF"RAC 
RC02 = RCO•RCO 
OELRAO = RfiEL0• 0 2 - RC02 
RF"!ELO=R~IF.:L0-0~1°TH 
RCO=RC0°?.o 

C T!Hlc; IS 6ECAUSE Q IS 1111 LANGLYIMIN. 
WR}TEC6t!OD11 CDIIIV 

1001 rOR"'ATC/ o20XolOHoooooooooo,2oH CONVERSION fACTOR •tE20.10t 
1 11H oooooooooot/) 
00 1004 IIIX=1oNRUN 
AVF"=O. 
ICOLO=O 

. IC11LS=O 
JCOLH=O 
TOPCAV=O. 
00 7010 "'AC=1•IOfL 

7010 AEOOT~CMACoNXI=O• 
00 200 JJ=lt!R~YS 
ICELM=O 
JCf.LM=O 
XCM=O. 

MONT F. 
"'ONTF" 
"'ONTF 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTf 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MoNTE 
MONT F. 
MONT F. 
Mf)NTE 
MONT F. 
MONT F. 
MONTE 
MONTE 
MONT F. 
MONTE 
MONTE 
MONTE 
MONTE 
MoNTf 
MONT F. 
MoNTE 
MllNTE 
MONTE 
MONTE 
MONTE 
I:'IONTE 
MONT F. 
MONTE 
MnNTF. 
MONTE 
MONTE 
MnNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
HON.TE 
MONTE 
MONTE 
MONTE 
MI')NIE 
"'ONTf. 
"'nNTF: 
MONTI' 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93· 
94 
95 
96 
97· 
98 
99 

lOO 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 

PAGE 
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~ 
0. 
-.] 

0 

"" I ..... ..... 
I 
l\:1 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

YCio4=0o 
N01c0 

74/74 OF>T=1 

CALL RNOQMIR6t~71 
THSL=TSV&Rf>• T~·B 
PH=360. OQANF (c. 0., 
CALL RNOgM(~3oQ41 
PAX1=PAX1V•~3•PAX1B 
PAX2=PAX?.V•~4•PAX28 
XR?.=QANFIO.I 
XP1=RANFCO.I 
NDAYc HH I XR2°:!65.1 •1 
oo 5195 r=1o12 
IFINOAY .LEo NOMIIII GO TO 5101 

!H9S CONTINUE 
GO TO 5102 

5101 MON=I 
5102 IFIMON.L€·1> .~J TO 5196 

IDAY=NOAY-NO~C~ON-11 
GO TO 5197 

51.91»· IDAY=NOAY 
519;" CONTINUE 

T=xH3°14.•5o 
CAtL VECTS 
IF IC .GTo 0.01 GO TO 8950 
COUNT=O. 
1TTill=ITTil:·•! 
GO TO 2011 

e95C OE~OM=SORTCB•B-A0 Al 
ELZ=ATAN2CCoOENOMI 
IF CC.GE •• OD51 GO TO 519B 
ITT C2l=ITTC2l•l 
cou~H=o. 

GO TO 200 
5198 CALL INTEN!MCN,IDAYoELZoONII 

0Nl=.Oo3J5•D~I°C . 
COUNT=DNJ/UDNI 
DO 297 I=lo3 
UVT C II =CTIL T0 .NU 1-STIIl. T•UNll :. 
U1 tii=CTILT 0 UNCII•STII:.T 0 MC !I 
U2Cil=UEIII 

297 UHVCII=UECII 
ND1=2 

C TOrAL ENERGY FALLTNG ON FIELD 
TOTEN= TOTE~l•CDl.INT 

C TOTAL OIQECT NORMAL EMERGY 
TO TON I =TOT ON l•DN 1/C 
R2c.RA'IIFCOol 
R3:RANF I 0. I 
CSQA=Co~c6.28318°R21 
S•<RA=S IN f6 • 21131 8°R21 
CALL LIM~RIR3oLIMCoROERNI 
TH<;R=ROF.'IN;•CS ~A 
TH<;U=ROE'IN°SN'IA 

708 Q6:RANFIOol 
~7=~ANFIOol 
IAC=O 
CDuM1=COSCho283~8•R61 

F'TN 4o5~~10A 03/21/77 21.51.16 

MI)NTE 
MONTE 
MoNTE 
MONTE 
MONTE 
MONTE 
MoNTE 
MoNT F. 
MONTE 
MONTE 
MI'NTE 
MONTE 
lo40NTE 
MoNTE 
MONTE 
MONTE 
MoNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MoNTE 
MONTE 
MONTE 
MONTE 
MoNTE 
MONTE 
MONTE 
MONTE 
MONTE 
-MoNTE 
MONTE 
MoNTE 
MONTE 
MONTE 
MONTE 
MoNT F. 
MONTE· 
MoNTE 
MONTE . 
MQNTF. 
lo40NTF. 
MONTE 
MONTI' 
MoNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 

116 
117. 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
1311 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154.: 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
1!>6 
1!>7 
161! 
169 
no 
171 
112 

PAGE 3 
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SUBROUTINE MONT!!: 74/74 OPT=l t'TN 4.5~410A 03/21/77 21.51.16 PAGE -,. 

cou~2=sr~c&.28318•Q6J · MQNTF 173 
CDUM3=~CRTIIRfiELcr•.1~TH)0°2•R7l MONTE 174 
XP:CDOr~o 1 •trlU"3 MONTE 175 

175 YP:COU ... 2•CDU"'3 MnNTE" 176 
XP=XP-TOISX MONT£ 177 
YP:YP-TOJSY MONTE 178 
If ISQQT(J!.POXP•YP•YP) oLTo RC0/2.1 GO TO 708 MONTE 179 
CALL TSHAOIOOBASEtOOTOPtiCOOl ·MONTE 180 

180 If <ICOO,E'l.Ol GO TO 8000 MONTE 181 
ITTI14l=JTTi(4l•1 MONTE 182 
GO TO 200 MONT£ 183 

8;100 CALL PTOWERIND1oiACtARATIOl MONT£ 184 
ITTIN01•ll=ITTIND1•1l•1 MONTE 185 

185 ICOLH=ICOLP-•IC""' MONTE 186 
ICOLS=IC0LS•ICSH MONTE 187 
ICOLO=ICOLO•IOHIT MONTE 188 

c ENERGY AW~Y FROM MIRRORS I REFLECTANCE INCLUDED I MONTE 189 
COLH=COL~•COUNT•IC"'H MONT£ 190 

190 c ENERGY OBSCURED BY MIRROR BACKS MONT£ 191 
COLO=COLO•COUNT•IO"'IT MONTE 192 
SI:IACL=SH~DL•COUNT 0 ICSH M.ONTE 193 
lfiifRAM,GT.Ol fRS ... AOIIfRAMl=fRSHADCifRA~l•COUNT MONTE 194 .,.. If I NO! ,GE, 4) CALL PbL~APICOUNTtCONVtNDP,2tNOll MONTE 195 

0 195 If!ND1,E'lol2l SPPT=SPPT•COUNT MONTE 196 
...;] If llAC,Er..ol GO TO 200 MI)NTE 197 Ill 0 

"' EDOTN=COUNT MONTE .198 I 

I fOPT=fOPT•F.OOTN MONTE 199 
N 

...... .... 

...... AVE=AV~·~OOTN MONTE 200 
I 

N 200 ~EOOTN I I ~.CoN X l =AEOOTN I I AC, NX J •EDOTN MoNT.£ 201 
CALL TMAPIXCMtYCMt ... ONtCDUNTtNTOTtCONVt2) MONTE 202 
fiF.LDIIC~L"'•JCF.LMJ=FIELDIICELMoJCEL~J~COUNT MONTE 203 
IF' I IAC,£1),]) TOPCAV=TO~CAV•COUNT MoNTE 204 
If I IAC,£1J,3l CALL ~OOF'I2oOCONMl MoNT£ 205 

205 If <IAC.EIJ.?.l FLMAPCICILATI2Jt!LONGl=fLMAPCIC1LATC2l•ILONGl•tOUNT MONT£ 206 
200 CONTINUE MONTE 207 

ONM=I./FLOATIIRAYSJ MONTE 208 
XOF?RI1t~Xl=F'LOATIICOLHl*DNM MONTE 209 
DN•12=fLO•.T I ICOLSl M!)NTE 210 

210 DDOS=l,/F'LOATIIRAYS•ICOLSl MONlE 211 
XOFPRI2t~XJ=ONM2°0005 MONTF. 212 
0NM4=fLOATIIC0LOl MONT F. 213 
XDFPRI],~Xl=ONM4•D~M MONT F. 214 
XOFPR14tNXl=AVE•DNM MONTE 215 

215 TOPINX!=TOPCAV 0 0NM MONTE 216 
DO 7004 MAC=I•IDF'L MI)NTE 217 

7004 AEOOTNIMAC,NXI=AEOOTNCMAC•NX) 0 0NM MONTE 2113 
1004 CO'\·TINU£ MONT F. 219 

DO 1802 I=!oNRUN MONTE 220 
220 TOPC=TOPC•TOPIIJ MoNTE 221 

DO 7005 "AC=1•1DF'L MONTE 222 
7005 AfLUXIMACl=AF'LUXCMACJ•AEDOTNIMAC•1l MONTE 223 

DO 1802 .J=I ,4 MONTE' 224 
1802 XMIJl=X~(J) •XDFPRIJ.!l MONT£ 225 

225 OCIJNM=,Ool•CONV/fLOATCNRUN°IRAYSl MONTE 226 
DO 6004 J=ltPIINI MONT£ 227 
DO b004 J= 1 oNLONG MONTE 228 

6004 fLMAPCI!•Jl=rLMAPCii•JlOOCONM· MONTE 229 

' 



SUB~OUTINE MONTE 74/74 OPf=i 

230 

235 

240 

245 

250 

255 

260 

265 

270 

275 

280 

285 

)PPT = SPPT•OCONM•1000. 
~XP=1./fL0ATCN~UN°lRAYSl 
DO 8102 I=lt12 
DO 8102 .J=lo12 

8102 flELO!ItJl=flELO!ltJ) 0 (XR 
~OPC=TOPC•CONV/FLOAT!N~UNt 

DO 7006 ~At=l•JDFL 
7006 ~fLUXIMAC>=~fLUX!MACI/~RUN 

WP.yTE 16tl8?.0) NRU!IJt !RAYS 
1820 fOR~~T!/o25Xtl5HSTATISilCS :oR tl4t8H RUNS ATtl6tl3H RAYS PER RUNt 

1/l 
~·RITE !6ol82l I 

1821 FO~MAT(/ t40Xt10rl00000.0000,}lHOUTPUT COOE,1QHOOOOOOOOOO,/It10Xt 
t44riETA1=FRACTION OF FIELD flU~ THAT Hll MIRRORSt/t10X; 
?.l6rtET A2=REFLECTANCE •I• I O·X t 
3<t9HE TAJ=FRACT I ON OF FLL'X NO- OE-SCU~EO ON THE WAY OUT tlt1 (II,, 
536HETA4=FRACTlON OF FLUX TH~T ~IT TO-ERo/t10Xt 
6S2HETA5=FRACTION OF FIELD flUX THAT HIT CAVITY oJtlOXt 
7S3HETAh=FRACTlON OF FIELD FLUX THAT HIT THE CAVITY WALLSoltlOXt 
A52HETA7=FRACTION OF FIELD fl.U) THAT WAS IN TOWER SHADOWo/l 
~~T~!6o900l) . 

9001 FORMAT l//tl0Xo34HEFLUXL=TOUL FLUX ON nELO IN KWH o/t10Xt 
l40HEFLUX?.=TOTAL FLUX 0~ MIR~oqs IN KWH _ tltlOXt 
?.42HEFLUX3=TOTAl. fLUX LE'AVI!'IG MIRRO~S lN' KWH o/t10Xt 
355HEFLUX4=T0TAL fL:.JX CL£ANL'II AWAY FROP1 "IELO IN KWH tit lOXt 
1l~HEFLUX~=TOTAL FLUX ON POWER lOWER IN ~WHtltlOXt 
231HEFLUX6=FLUX ON CAVITY DlfiFUS~R IN KW~tltlOXt 
73.:.1-iEFLIJX7=FLUX ON CAVI'rY WALLS IN Klt'Htlt lOXt 
~37HEFLUX~=FLUX ON CAVlT' CEILING IN KWHo/) 

'IIIIJTE!6o2799) 
2799 FOP'1ATC/ol0Xo28H!IJ1=RAYS DR.AW"j 3EFORE SU14Rl5Et/tl0Xt 

1381-iN2=RA~S DRAWN WHEN T.-iE SI..N oiAS TOO LCWo/t 10Xt 
?.3"'HN3=PAY5 DRAWN TriAl HIT THe: :>PEN fiELBt/t10Xt 
j4~'1tJ4=QAyS WHICH HIT HIRROQ 'lUr ft'ERE LOST IN SPACEt/t10Xt 
44l~N5=RAYS O~AWN T~AT ft'[RE B_OCKfD IN OMRLG~KSt/t10Xt .. 
53BHNf=RAYS THAT WERE 08SCURE) 1~1 OFF8t..OC:'<th10Xt 
!\33H.N7=RAYS WHICH HIT CAWITY ?JFFUSf.R,/tiOXt 
723HNB=RAYS WHICH HIT WALLS•/•lOXt 
~2~HN9=RAYS WHICH HIT HOOFo/,!O:o 
92EHN10=RAYS WHIC~ ~ISSEO-HlGH•It10Xt 
11FHN11=RAYS WHIC~ ~ISSEO ACR055 THE rRO~Tt/tlOXt 
125HN12=R~YS WHIC~ ~ISSEO LOW•/tlOXt 
227HN13=RAYS WHICH rll~ SUPPOR-S,It10Xt 
jj'il-iN14=RAY5 WHICH ltERE IN THE TC-ft'E~ SHA001hlt10Xt 
•31HN15=RAYS WHI~H WHISTLED THROUGHt/t1DXt 
443HN16=R~YS WHICH FRAME SHAO~WfC ON SAH~ HELIOt/t10Xt 
54~1-i~I7=RAYS WHICH FRAME SHADOWED ON OTHEQ HELIOo/t10Xt 
~42HNlfl=R-YS WHICH fPAME 8LDC~ED ON SAME HELlOt/olOXt 
743WN19=RAYS WHICH FRAME 9LOC•ED ON OTHER HELlO! 
ETA17l=FLO~TilT~!141)/fLO~T!~~IIN°lRAYS-IJTC11-ITT!2ll 

C HTT Rt:CEIVEQ 
~MC~I =bF!.UX c 1) OCO'IV 
~~C7l•AFLUXC2l•CONV 
ENOIITH = 0.0 
ES:JUTH = 0.0 
XMltll =TOTD~Il •0 I'N,TV 0 YFRAC'INTOT 
XM48l=TOPC 

MONTE 
MONTE 
MONTE 
HI')NT[ 
MI')NJE 
MONTE 
:MONTE 
MONTE 
MONTE 
MONTE 
MoNTE 
'10NTE 
~ONTE 
_,ONTF.: 
.. ONTF.: 
.. nNTE 
>ION IE 
!-lONTE 
MONTE 
MONTE 
MONTE 
Mf)NTE 
I'IONTE. 
rtoNTE 
"ONTE 
110NTf 
MONTE 
MONTE 
t-nNTf 
1-0NTE 
I"ONTE 
"'ONTE 
~ONTE 
MONTE 
I>YINTF. 
MoNTE 
MONTE 
MONTE 
MJNTE 
M)NTE 
tol1NTE 
M•:1NTE 
MONTE 
MI)NTE 
MONTE 
MoNTE 
'4!!!NTE 
'4nNTE 
~ONTE 

:-.r•NTE 
HNHf 
HCNTE 
H("NTE 
MC::NTE 
HGNTE 
t.IC-NTE 
MC,NTf 

230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
2'+0 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264-
265 
266 
267 
268' 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
28~ 
.283 
2!14 
285 
2Bf> 



""' 0 
-.) 

0 

"" I ...... ...... 
I 

1\:1 

29() 

295 

300 

305 

310 

315 

320 

325 

330 

335 

340 

SUBROUT I~E ~'ONTf: 

c 

XM!li=TOTE~°CONV/NTOT 
XM!21=EN~M°CONV/NT0-
XM!31=CO! H°CONVtNTO-
XM8LOC=C0L~0CONV/NTOT 
XMSHAO=S~AOL•CONV/FLOATINTOTI 
XM!SI=FOPToCONV/NTOT 
FRSHADill=•RSH~Dili•CO~V/FLOATtNTOTI. 
FRSHA0121=~RSHADI21•CONV/FLOATINTOTI 
FRSHA0!31=•RSH-OI31•CONV/FLOATtNTOTI 
FkSH~0(4)=FRSH~OC41 4CONV/FLOATINTOTI 

. , \ 

cooooooFQSHADIII=ENERGY LOST FROM FRAME SHADOWS 
c~oooooON THE SAME HELIOSTAT WHICH CONTAINS THE HIT FACET 
c 
cooooooFRSHADI21=ENERGY LOST FROM FRAME SHADOWS ON HELIOSTATS 
C OTHER T~AN THE ONE wHICH CONTAINS T~E HIT FACET 
c . . 
c~oooooFRSHADI~I=ENERGY L0ST FOOM FRAME BLOCKS ON THE SAME 
C HELIOSTAT WHICH CO~TAINS THE HIT FACET 
c 
cooooo•FRSHA0(41=~NERGY LJST FROM FRAME BLOCKS ON HELIOSTATS 

~C OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET 
c 

XM 14 l·=:ttM t 3f-XMBL0C 
ltMABBE=X"114 l -·X'I!Sl 
XHREFL=XMI21-X'II31 
ETAili=XMI21/X'II11 
ETA12l=l.O-XMREFL/XHt21 
ETAI31=1.0-XMBLOC/XMI31 
ETAI41=1.0-XHA~8E/XMI41 
ETAISI=XMI~I/X ... Ill 
ETAI61=X ... I71/XMI11 
no e202 r=1 o10 
DO 82'l0 J = lt5 

3200 ENORTH = E~ORTH + FIELDiltJI 
DO 8201 .I = 6.)0 

~201 [SOUTH~ E~OUTH • FIELDIItJI 
~202 COI\ITINUE 

[NORTH = ENORTH•0.001°CONV 
ESOUTH = E~OUTH•0.001°CONV 
XXR=.001oCONV/1.0929•wCELL 0 WCELLI 
DO 8103 1=1 tl2 
00"8103 J=lti2 

81'03 FIELD!ltJI=FIELOiloJI 0 XXR 
W~ITE16tl0051 !lt1=1,71 . 

1005 FORHAT(/,1CXt714Xt~HETAtl111 
WRtTE'I6t10061 IETl.llltl=lt71 

1006 FORMATI10Xol4FR,51 
WR!TEI6t10071 !JtJ=1t81 

1007 FOPMAT(/,B!9Xt5HEFLU){tl11t/l 
wRITE (6.10081 !XM•llt1=1tBI 

1008 FORMATI9o1~.61 
2001 FOP ... AT(/o1CXt9(3Xt~HNtl11t1013Xt1HNtl21) 

WRITEI~o?0"11 11•1=1~191 
WR!TEI6o20021 !ITT :!l•i=lt191 

2002 FO~~AT!IOXt915·101~·11 
C CALCULATE HOIJRS Of SUNSHINE· IN THE YEAR 

MONTf 
MONTF 
"10NTE 
MnNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONT[ 
MONTE 
MONTE 
MONTE 
MoNTE 
MONTE 
M()NTE 

. MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONT F. 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONT F.: 
MONTE 
MONTE 
Mr'INTE 
MONTE . 
MONTE 
M(')NTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONT F. 
MONTf 
MONTE 
MONTE 
MONT F.: 
MnNTF. 
MONTE 
MONTE 

287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
29B 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
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SUBROUTINE MONTe: 74114 OPhl 03/21/77 Zl.5t.t6 

345 

350 

355 

360 

365 

370 

375 

380 

385 

390 

395 

HOURS=DI~TV•YFRAC•C1,0-FLOATIITTilll/FLOATCNTOTll 
WRJTEI6t7002l . 

7002 FORMAT!1~1l 

5 

WRTTE C6o15l 
15 FOR~AT l/llt20Xt20HTI!o4E INTE(;qATJCN RUNo.'/1 

W~tTEI~olll ~OURS 
11 FOR~ATI/o15Xo31HHOURS OF SUNSHINE IN TH[ YEAR :,F10.1•/l 

AFIELO=DFLPAD 0 J,l4159 
NH!TM=~T0T-ITTCII-JTTI2l 
AREAM=NCOL~NHF 0 ~D0 WFV 0 0.0929" 
f.PM!ll=C•MC2l•XMSHAO•FRSHADCml•F~SHAD(2: l/AREAM 
00 21 l=?.t5 

21 EPMI!l=X~Ill/AREAM 
EPMI6l=EDM(5)•0,9 
TEl=EPMlll/XMON! 
TE2=EPMI4l/XMONI 
WRJTEI~o?7l AREAMoXMDNI 

27 FORMAT (1,9Xtl8HACTUAL MIRROR AREAtlOXo2C·H·OIRECT NORMAL EN!:RGYt 
D /ol5XoF12~4ol8XoF12,4l 

WRJTEI6o23) lEPMIIl t!=lt6l 
23 FO~MAT!/to23X•26HE~ERGY !KWH• PER SQ, M~TERt 

l/t20Xtl0HU~SHAno~E0olOXtF12.~t 
2/o20Xo8HSHAD0Wf.Ool2XoFl2,4t 
3/t20Xo14~LEAVING MIRROP.t6XoFI2.4t 
~/o20Xol2~CLEANLV AWAVt8XoF12,4• 
5/o?.0Xol3~THRU APERTU~Eo7XoFl2o4t 
~/t2~Xt8HA8~0R8EDol2XoF12,4l 
WR!TEI~o24l TEl,TE2 

24 FORMAT!/Itl5Xo19HT~AC~ING EFriCIE~CYt2X•l2HIUNSHAOOWEDlo7ao 
•F10.4olt16Xo14HICLEANLY AWAY:t5Xt~l0~4l 
W~JTE 1~,51 
FORMAT! /o11Xo9~NUMBER OF·Slo7~SUPPORTo7Xt6HKWH 0Na/o1~Xt8HSUPP 

10 

10RTSo7Xo5H~IDTH,4Xo8HSUPPORT51 
WRITE16ol0l NSUPtSWoSP~T 
FORMAT!/o1PXoi10tF12,1oEl2.3: 
WR!TE16t8010l !!PlAN!lPloiP=:•Tl 

A010 FORMAT l//o36Xo20~HELIOSTAT FRAME H!TSo//o20Xt9HTOP FRAMEo4X, 
2 llHSibE FRAMESt4Xol2HCROSS FR~MESt4Xoi2HBOTTOM FRAHEt/t22Xt 
J 13t9Xol3tJXol3o5Xt3113t2Xlo&Xol3• 
W~ TTE I 6 t 3150 l i'"RSHAD I 1 l , FRSHt D 12 l • FRSHA[)( 31 oFRSHAD I 4 l 

3150 FOP.•~AT(//t40Xt?.7tiE~ERGV LOST 0~. FRAME IN KWHo//o28Xo12HFRAf.IE SHADD 
+Wo28Xtl1HFRAME BLOCKolt16Xol~HCN SAME HEtiOt7Xt 
:13HON DIFF HEL!Ot7Xol3HON SA~E HEL!Oo7Xol3HON DIFF HEL!Oo/t 
215X.F12.ltAXofl2.lt9XtFl2,1•EX•FIZ,ll 

IIR!TEI6t7002l ... 
CALL HITFACIOtOt0t3tNHFl 
XZONE=6.2811BSopSwTCC2lOHCAVc0.09Z9/FLOA~INLONG•NLATCl 
PZQNE=l./XZONE 
DO 6402 t=l•NN1 
DO 6402 J=l•~LONG 

6402 FL~APC(J,Jl=FL~APCI!tJIOPZONE 
C4LL WALLMP(FLMAPC,NLONG,NLAJC,~CAVI 
CALL ROOFI3tDCONM) 
W'lfTE 16tAI04l 

~104 FOQMATC///o20Xt 
14 7HMIII"i1S:"l .~ ENfRGY MAP 0"" POI€11' TCtWER NPROR FlELOtll 

DO 8105 J=l, 10 

MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE· 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTf 
MONTE 
MONTE 
MONT F. 
MONTE 
MoNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
"MONT F. 
MONTE 
MONTE 
IMONT£ 
MONTI;: 
MONTE 
MONTE 
MONTE 
MONTE 
MoNT F.: 
MONT F. 
MONT-E 
MONTE 
'40NTE 
'10NTE 
"'ONTE 
"'ONTE 
"'ONTF.: 
"'ONTF.: 
I~ J NAL 
fiNAL 
FINAL 
FtNAL 
FINAL. 
HONTF 
MONTr;: 
HONTE 
HONTE. 
MNTE 
MNTE 

344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
317 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 

8 
9 

10 
11 
12 

390 
391 
392 
393 
394 
395 
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400 

405 

410 

415 

420 

425 

430 

435 

440 

SUBROUTINE ~ONTE 74/74 OPT=l 

~105 WP.ITEI6t~l061 lfiELDCloJI•I=1o111 
8106 f0H~AT(1~X,11E11.31 

WRITEI6o~203l ENO~THoESOUTH 
AZ03 FO~~ATI//ItlOXo24~~0RrH HALF FIELD ENERGY=o3XoE10o4o5Xo 

l)~MWHt/ol0to24~SOUTH ~ALF FIELD ENERGY:o3XoE10.4o5Xo3HMWHt///l 
CAt.L POL~APICOUNTtCON-.'tNTOTt3tND11 
STEST=lO.E+JO 
W'-X=l21. 
IS=NM.I(/10 
&<=0 
[STOP= IS 
DO 3050 !o.!N=loN14X 
S"1AX=D.O 
00 3040 t=lt 11 
DO 3040 J=1o11 

3040 [F!flELDCioJI.GT.SMAX.ANO.FIELO!IoJI.LT.STESTI -SHAX=FIELDIIoJI 
5TEST=SMAX 
IF!NN.LT.I5TOPI GO TO 3050 
ISTOP=ISTOP•IS 
r<=K•l 
SL!Kl=SMAX 

3050 CONTINUE 
KK=K-1 
~RITE (6,31801 CSLIIJ•I=1t101 

3180 FORMAT!l~l.l/t10Xo9HSL· ARRAYtlOE11.So/l 
DO 61 J=ltll 
DO 73 1=1tll 

73 IO!li=O 
DC 70 1=1•11 
DO 60 r..L:1,KK 
KLX=I':K-Kl•l 
If!FlELDCioJioGT.SLC~LXII GO TO 43 
GO TO 70 

43 IO!Il=KLX 
60 CONTiNUE 
70 CONTINUE 

wRil£16t651 !IO!II~tii=1•111 
65 f0R~ATI20X,20I4o//l 
61 CONTINUE 

-CALL T~APC1.,1.,MO~,COUNTtNT0TtCONy,3)' 
RETURN . 
END 

03121171 21.51.16 

MONTE 
MONT~' 
MONTI'" 
MONTE 
MONTE 
MoNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
Mr)NTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONT F. 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MnNTE 
MnNTE 
MflNTE 
MONTE 
MONTE 
Mo&TE 
MONTE" 
MONTE 
MONTE 
MONTE 

396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 . 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430. 
431 
432 
433 
434· 
435 
436 
437 
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74/74. oPt=1 

SU'l~OU'1'1 "'E PTOWER I '1101, IACoARATJCtl 
c•o T~!S PRO~RAM CONTROLS ALL OF TM! CALL FOR ALL OF THE HIT T!STS 
C W~ICH ARE OO'IIE. FRO~ ITo PERTo T~I~OSo FI~O!To MIRROR, AND ~OON 
C ARE CALlED. 
C !Cf-4w=1 II'" A MIP.POR IS 'iiT. 
C ICM~=O IJ:" A MIRPOR IS NOT HQT. 

REAL N 
CO~HON/6EDTSTIALBL~C,ICDDoU~V213loUAXVZ13l 
CO~HONiSTRUCT/GAPowLONGoWSIDEoWTRioXLTP.IoB81o82oWCROSSoWOUMoiFRAM 
o~HTH!RoHTC~OSoWJCROS 
DI~ENSION YOUMI3foVSll3loVSZI3ltVS313loVS413loVS513ltVS6!3loVS7!3J 
COM~ON/TABLE/UHVI3loVAXV(J)oUlV~I3loRSTI3loWFVoNHFtXOftWD2oWFV2o 

I RH~I3loDELXoDELYoWOolrV,RR~I3loUAXVP13loUXV2PP13lo 
2 UTTI3loUNNP13loUlV2PIJl 
3 oUMNP13loUMNPPllltFtALENtUaEON13lolf0CoiORIVE 

C0Mt-40N/J:li<E"R/UIIPI3l oVSl (Jl oTHSLo»HoTMSRoTMSUtCOUNToWAVLC20l oORAO 

COMMON /<!ALL/ OCDL tSCD!L T 131 ol\P ti'P oPl<XbPAX2oO (3) 

COMMON/8ABA/STHoCT'ioSEQoOME,QHSt~l3loUEt3lo 
I UN 131 tUS I 31 ovA I 31 t URI 31 • THET.~t ~ONt WAY, SMALRoCAPRtCEO 

COMI"-ON IS T A TSITPd, TS3 o.»H3 t TPV, PH"I t AVE, TSIIt PAX lilt PAX 16• ?A,211t PAX2B 
COMMON /JEFf/ UMN513loRRSIJioNSTOPSoAoBoCoSMAXo~FIELOtTHoiCMHo 

1 TCSHoiFCol'i!TtlCSH2tNC~L•IMOURoM!NoELZoToTOISXoTOISY, 
2 OU~Ao0UMBoOU~CoUHNNII3loUMNN213}oUMNIJ)olOHIT•NL~Tt 
3 NLONGt ILONGoNLATCoRCOo~IP"CKoENH!'t 

CDHM,)N IC HIDE X/· XPCOL, YPCOLoCOSA··CDSBt ~OUMoWCELLo !CELL o.JCELL• 
1 'I((~AVoYCSAVoXCJo'oYCt~oiCEL~'tJCELMl . 

CDMM•)N/SUPP.T /DEL TMo Tioii::Soi(SEE • APH·SW ,r~SUO oRCONE.o THECDNtHTOT 
CCio!MI)N/T IL TEO/TTl L T, UIITI3l oU·I 31 • U2 131 • KAPMAXoWAPMJNoOFFSET 
COHMON/CAVJTY/SEPoDOio002oRCifoHDlFoHCAJoHSwTC12loRSW1CIZ.lo 
o(lLATI2l,CAVLATI2o2lloAI~HGT 

COMMDN/TOE/CTAZToSTAZToCTELToiFOCUSoSTE.TtUTARG!3ltDTARGI3l 
CU~A=•A . 
OUMB=·ij 
OU/'o!C=C 
SHAX=DCDL 0 SURTI1.-CoCl/C 
!CM~=O . 
ICSH=O 
HlHIT=O 
IfC=1 
C~LL FINOITI~D1;rFVHSl 
i~IICMH.GT.Ol GO TO 2172 
R::TU~N 

2172 T)THL=TA~ITHSRoQRAOl 
T~THL=TANITHSUoQ~AOl 

D•JM2=SI)RT I I • • TOT Hl oTOTMt.• TDTtiU•TQtTHUl 
DO 1983 t=lo3 . 

1983 URP I 1"1 =-I TOTHL•U'4N'III I ll•TOTHII 0 UMN"'2 C f) •LR Cl ll/DUM2 
CJLL TR!ADSINtUMNStUAXV•UHVt.XV2oJ9EONl 
C"LL PERT31IFVHSI 
(TT=DOTE'IIllRPtUNN.=>) 
SN=SCIIT II • -CTT•C TTl 
XCTT=SNICTT 
THHOR'4=ATA~IXCTTl/0RA0 
E"HH=:.NH ... •COUNT 
c•LL '41P~O~ITHNOR~oAEFl 

· COIHH=CUIINf 0 ~EF 

PTDWER 
PTOW-ER 
PTOWC:R 
PTOWER 
PTOWE:R 
PTOWI':fi._ 
PTDWEP 
PTOWER 
PTOwn~ 
PTOW[R 
PTOWF.:R 
PTOW[R 
PTOWER 
PTOWER 
PTOWER 
PTOW[R 
PTOI~ER 

· PTOW[R 
!'TOWER 
?TOWF.R 
?TOWER 
PTOWER 
PTOWER 
PTOWER 
PTDWER 
PyDWER 
PTOWER 
PTOW[R 
PTOWER 
PTOWER 
PTOWER 
PTDWF.R 
PTOWER­
PTOWER 
PTOWF.R 

. PTOW[R 
F"TOWER 
FTOWF.R 
FTOWER 
PTOWfR 
PTOWF:R 
PTOWF.R 
PTOWE.R 
PTOWER 
PTOWF:R 
PlOWER 
PlOWER 
PlOWER 
J>TOWF.R 
PTOWFR 
·P'rOWFR 
IPJOWFR 
!PfOWFR 
PrOWF.R 
PrOwER 
PTOWE.R 
PTOWFR 

2 
J 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
.28 
:29 
:30 
:31 
:32 
33 
34 
35 
36· 
37 
38 
39 
•o· 
·•1 
·•2 
•3 
•4 
•5 
•6 
"'7 
.. B 
&.9 
so 
~·I 

~·2 
~-3 
~4 

~5 
56 
!:7 
~· 
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N 

60 

SU~P.OUTINE PTOWF.R 

OUM3= -XCM 
OU1'14=YCM· 
OU'4S=TH-. soo·coL 
DO 1 984 l = 1 , 3 . 
US11ll=-2•"CfToUNNPIJI•URPIII 

03121177 2l.Slal~ 

PTOWER 59 
PTOWF.:R 60 
PTOWER 61 
PTOWER 62 
PTOWER 63 

1984 D I I I =DU.M3°UE I I I -OU"'14"Ufi I I I •DUH5°N I U •SCDEL T <1 I 0 N (I I •SCDEL T I 21 •UE I I 
11•S~DtLTI3l 0UNIII-~RSili•SEP00.5°1NIII-UVTIIII . 

PTOWER 64 

65 

70 

75 

80 

85 

90 

95 

100 

lOS 

ARATIO=OOTER!URP,NI/DOTERIUHNSoURPI 
CALL O~RL0CKII8L0Co[FVHS,ALBLOCI 
ICOD=3 :•" · 
00 200:1=1.3 . 
YDUMili=IALEN/2o-F~OAT(JfVHS-11"XDFI•UHVIII 
VSI III=-~HSII>-YDU"''Ill-HTHIR•U8EDNIII 
VS?.Ili=VS1!II•~OuM 0UAXVCII-WSIOE 0 0oS0UBEDNCII 
VS31II=VS11II-WOUM 0 UAXVIII-WSIOE 0 0.5°UBEDNCII 

. VS41II=VS11II-HTC~~S 0 0.5°UBEDNCII 
VSSIII=VS41II-Xuf<>~HVIII 
VS61Il=VS41ll • XOF•UH¥111 

200 VS71Il=VS1111 - ~TCROSouSEDNIII 
CALL FRA~EIVS1,VS2~vs3.~S4,VSS,yS6,VS7,ALFRAH,JK,M,AL~LOC1 
IFriFR~M.EQ.OoAND.IBLOC.EQ~Ol GO TO 100 
IF!IFRAM~EO.O.ANO.IBLOC.EO.ll GO TO 20 
Jf!IFRAM~EQ.l.AND.IRLOC.EQ.OI GO TO 30 
If!ALBLOC.LE.ALF~A'41 GO TO 20 

30. IBLOC=O o 
IFRAM=J 
N01=17 
IOHIT=1 
RETURN 

20 IBLOC=1 
IFRAM=O 
IOHIT=l 
ND1=4 
CALL HITFACCIFVHS,IfV•ND1t2tNHfl 
~ETURN 

100 OU'4=o5°0C0L-D0TERC~,RRSI 
OU'4C=OOTERIN•US11 
OUMA=DOTERIUNoUSll. 
OU~B=UoTER!UEoUS11 
SMAX=UUM<>SDRTI1.-DUMC•)UHCI/DUHC 
.B1=DOTE~!UE,RRSI 
Al:OOTERIUNoRRSI 
XP:XCM•61 
YP=YCM•AI 
IFc=2 
IOHIT=O 
CALL FJNDITINDl•lFVHSI 
IF!IDHIT.EQ.OI GO TO 10 
CALL HITFACIIFVHS,IFV•ND1•2•NHFI 
RETURN 

10 ChLL MOnN!N01oiACI 
CALL .HIT~ACIIFVHSolf"V•ND1•2•NHFI 
RETURN 
ENfl 

PTOWER 65 
PlOWER 66 
PTOWF.R 67 
.PTOWF:~ 68 
PTOWF.R 69 
PTOWF.R 70 
PTOIJF:R 71 
PTOWER 72 
PTDWER 73 
PTOWER 74 
PTOWF.R 75 
PTOWER 76 
PTOWER 77 
PTOWER 78 
PTOWER 79 
PTOWf.R 80 
PTOWF.R 81 
PTOWER 82 
PTOWER 83 
PTOWER 84 
PTOWF.R 85 
PTOW.ER 86 
PTDL~ER 87 
PTDWF.:R 88 
PTOWER 89 
PTOWER 90 
PTOWER 91 
PyOWf.R 92 
PTOWER 93 
PTOWER 94 
PTOWER 95 
PTOWER 96 
PTOWER 97 
PTOWER 9A 
PTOWER 99 
PTD.IriER 100 
PTOWfR 101 
PTOWER 102 
PTOWER 103 
PTOL~F.R 104 
PTOWFR 105 
PTOWF.:R 106 
PTDWf.R 107 
PTOWF:R 108 
PTOWF:R 109 
PTOW~='~ 110 
PTOWF:R 111 
PTOWF.R 112 
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SUBROUTINE PERT3. 74/74 OPT=1 FTN 4,5+410A 
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SUB~OUTINE PERT31IFVHI 
CDM•ON/J:>K~R/URP I 31 oUS1 I 3) o THSL oPHo THSRo THSUoCOUNT oWAVLI201 o·ORAO 

COM-ON /qALL/ OCOLoSCOELT!JirXP,•PoPAX1oPAX2o0131 
CO~•ON /JEFF/ UMNS!JioRRS!JioN~TOPSoAoBoCoSMAXoRFIELD•THoiCNHo 

1 IC~HolFCoi~IToiCSH2oNC;L,IHOURoMIMoELZoToTDISXoTOISY, 
2 OU~A.DUM9oOU"'CoUMNNl!J' oUMNN2!31 ol»>N!JI oiO"iiToNLATo 
3 NLONGo!LONGo~LATCoHCOo~P4CKoENHM 
COM~N/T~BLE/UHV!)IoUAXV(JioUXV2•Jio~STI3l•WFVoNHFoXOFoW02o~FV2o 

1 RHS!JioDELXoOELYoWOoiFVo!RB!JioUAXV~~JioUXV2PP(31o 
2 UiTIJioUNNP131oUXV2PIJI 
3 oUHNPIJioUMNPP!lloFoALENoU~ED~C~IoiFOCoiO~IVE 

COMI40N IC I •WEX/ XPCOL, YPCOL, CO$A o COSB o SLOU~, WCELL o I CELLo JCELL o 
1 XC~AUoYCSAVoXCMoYCHoiCfL~oJCELH 

COMI'C>NITOE/CTAZT o S TAZ T, CTEL T, IF OCUS • S TEL T oUTARG ( 31 oOTARG I Jl 
OlM£NSION lJMNIPP(JI ,n Ill oUX21PPill oRIH Ill oRBIJI 

C UHOriJI=Fl~ST AXIS OF MURPHY BED 
C UBED~IJI=NORMAL ro BED FRAME 
C UAXYP(JI=UAXVIJI WITH FIRST Ek~O" ROTAliON 
C UBEO~PCJI=UBEDNI)I WITH FIRST ER"OR ROTATION 
C UMNP~li=UHN wiTH FIRST ER"OR ~CTATION 
C UXV2PP(JI=UXV2PI)I WITH SECOND ERROR ROTAT!ON 
C UMNPP(JI=U~NPIJI WITH SECOND E~ROR ROTATION 
C SGN=5IGN OF UXU2°UHOZ 
C RRS•JI=S~V~D VALUE OF VECTOR F~OM·HELIOSTA7 CENTER TO HIT POINT 
C RHS13l=VAlUE OF VECTOR FROM FAC£1 CENTER TO MIT POINT 
C RP.F.13I=VECTOR .FROM FRAV.E CENT£~ TO HIT POINT '•ITH FACETS FLAT 
C UNIIIF'·'I31=Ml~ROR NORMAL AT HIT I=IOINT WITH F1tCETS IN PLACE 
C UNNFI31='1I~ROR NOR"'AL AT HIT PCIIIT WITH SLOPE ERROR 
C THIS ROUTI1~E FWDS THE ROTATIO~ REQUIRED FOR TRAO<ING ERRORSt 
C F"OCl::S Itu:;. TOE IN, AND SLOPE ERR~S F'OR THE PIURPHY BED 
C HEUOSTAT 
C PH=l:~IfORH 0 TO 360 
C· THSL= !NOR~ALI SLOPE ERROR 
C PAXl.PAX2=TRACKING ERRO~SINORMALI 

DI!~ENS!O"l IJ~EONPIJI oUN"'PPIJI oUTTP=>I31 oUT2P~ 131 tUHOZC31 
DIMENSIO"' FMED!iOioRFl1111 . 
IF rrUUMMY.GT.OI GO T6 23 
If !~FOCIIS.EO.o.OR.JF'UCUS.GT o10~ :10 TO 23 
IFOCP l=I F0CUS•1 
OLTR•D=IRF!ELD-TO!SY-~COI/IFOCUS 
RFZI!I=RCO 
DO 22 !FL=2oiFOCP1 
RFZ!:F"LI:RFZIIFL-11•0LTRAO 

22 / Fl~fO· IFL-1 I =SORT I T"'"TH• IRFZ I IFLI * "2•RfZ C IFL-11••2112. I 
C SET FOCAL LEI<GTH EQUAL TO LONGEST P.,TH lfHEN [lf0CUS=1 

IF c:rocus.Eo.II 
1 F:~EIO I 1 I =S!lRT ITH 0 TH• 1-TDISY•RFELDI•C-TDIS'I'•RFIELOI l 

23 IDU14HY=l2 
00 5 I=1.3 
UMN (;I =UvN~ I I I 

5 UWIZ•II=iiHVI!I 
IF' !!Oq!VE .EO, 21 CALL FDRIVEI~HOZoiFVHI 
CP1=COS!PA~1157.31 
CP?=COSIPAXZ/57.31 
SPi=SINI~A~1/S7.]1 

SP2=~1NI=>AX2/57~)1 

03121177 2l,Slol6 

PERTJ. 
PERT) 
PERT) 
PERT3 
PERT) 
PERT) 
PF:RTJ 
PF.:RTJ 
PERTJ 
Pe:RTJ 
PF.RTJ 
PERT3 
PF.:kTJ 
PF.:RTJ 
PEHTJ 
PF.RTJ 
PEHTJ 
PERT] 
PERTJ 
PERT3 
PF:RTJ 
PI;RT3 
PERT3 
PERTJ 
PF.RTJ 
PERT3 
PERT3 
PERT] 
PERT3 
PF.RTJ 
PF.HT3 
Pt:RT3 
PF.RTJ 
PF.RT3 
PF.RTJ 
P£RT3 
PfRT3 
PFRT3 
PERT.J 
Pe:RT3 
Pr:RT3 
PF.RT3 
PERTJ 
PO:RTl 
PERTJ 
PF.RTJ 
PFRTJ 
PF.RTJ 
Pe::RTJ 
PFRTJ 
PF~TJ 
PF~.TJ 

PF.RT1 
PFRT) 
Pr;IH'l 
Pf~TJ 

PEHT3 
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10 
11 
12 
13 
14 
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30 
31 
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33 
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45 
46 
47 
48 
lt9 
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60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

74174 OPT=i 

02H=DOTEQ(UXV2,UH0Zl 
OM~=DOTED!UMNtUBEO~l 
0MH=0QT[q(UMN•UH0Zl 

C M4~t FIR~T ~OT4TIO~ <PAXll 
02R=DOTE~(UXV2,U~EDNI 
DO l 0 I= I, 3 . 
UBEDNPII!=CPlOUBED~Ill•SPlOUAXVIll 
UAXVP<ll:CDloUAXVIll-SP10U8EDNCll 
UMNP1ll=D~H 0 UHQZ(ll•D~B0UBEONP(Il 
UXV2PIIl=D?.H4UHOZCil•D2BouBEONPIIl 
UXV2P~Ill=CP2°UXV2DIIl-U~NPIIloSP2 

10 UMNPPI!l=CP20UMNP1Il•UXV2PIIIOSP2 
CALL CHECKqCUMN~UAXVtUXV2o1CDl 
IFciCD.NE.Ol w~ITE16ol5l 

15 FORMAT!10Xt13HUMN UAXV UKV2l 
CALL CHECKRCUBFDNtUAX~.U~OZoiCDl 
IFCICD.NfoOl WRITEI6o20l 

20 FORMATC10X•15HUHED~ U~XV UHOZl 
CALL CHECK41UBEDNPtUA~VPtUH0ZoiCDl 
IFciCD.NE.Ol WQITEI6o25l 

25 FORMAT!lOXtl7HUBEDNP UAXVP UHOZ) 
CALL CHECKRIUMNPoUXV2FtUAXVPoiCDl 
IF<ICD.NE·Ol WkiTE!6o30l 

30 FOQMAT!l0Xol6HUMNP UX~2P UAXVPl 
CALL CHECKR!UBEONPoUAAVPoUHOZtiCOl 
IF !IC0.3T.Ol WWITE!6t35l 

35 FORMAT!10Xo17HUBEDNP UAXVP UHOZl 
CALL CHECKA!UMNPP,0XV2PPtUAXVPtiC0) 
IF!ICD.GT.Dl WRITE!6,40) 

40 FORMAT!10X,l8HUMNPD UlV2PP UAXVP) 
XF:ALENon.5-!IFVH-1lOXDF 
CALL TOEINIXFoCTHETOtSTHETOoUHVl 
DO 300 I:1,3 
U~NIPP!1l=CTHETOou~NPP!ll•STHETOOUXV2PPCI1 

300 UX2IPP!Il=STHET0°UMNPP(Il•CTHET0°UXV2PP(I) 
CALL CHECK41UMNlPPtUX21PPtUAXVPoiCOl 
IF!lCD.GT.Ol WRITEI6o~00l 

800 FORMAT ()0Xo21HUMNIPPt UX2IPPtUAXVP ) 
C CHECK UMN 4N~ RHS F.O~ PERPENDICULARITY 

·UTEST=DOTER!UMN,RHSl 
IF IABS!UTESTI.GT .O.OGOll WRITE !6t710l 

710 FORMAl 1}0Xo26HU~N ANU ~HS ARE. NOT NORMAL) 
C ooo CALCULATE FACET NORMAL 
C ooo IFoCUS=O FoCUS ALL FACETS INDIVIDUALLY 
C ooo IFoCUS=1 FoCUS FACETS BY ZONES 

IF !IFOCuS.EQ.Ol GO TO 900 
IF <IFOCUS.GT.10l GO TO 950 
GRDIST:SQRT!XCMoXC~•YCM0 YCMl 

IFLZ=INT!IGROIST-RCOliDLTRADl•l 
FS=FMEO I tFLZ I . 
GO TO •H':i 

900 CONTINUE 
DO 901 1=1•3 

901 FF!Il=DTARGili-XfouHV(I) 
FT=SORTI~OTERIFFoFFll 
FS=SQRTCFT~FT+XfOXfl 

GO TO 97<; 

til/21177- ?.1.st.16 

P[RTJ 
PI'"RTJ 
P<"RT3 
PF:RTJ. 
Pt.RT3 
PF.RTJ 
PERIJ 
PE~TJ 
PF.RT3 
PF:RTJ 
PERIJ 
PERIJ 
PERIJ 
PERT] 
PERT] 
PERT] 
PFRT3 
PE~T:l 
PFRTJ 
PERIJ 
PF.RTJ 
PF.RTJ 
PERIJ 
PERT3 
PERIJ 
PF.RT3 

. PERIJ 
PFRT3 
PF.RTJ 
PFRTJ 
Pt.RTJ 
P[IHJ 
PF~TJ 
PF.RT3 
PE~TJ 
PF.RTJ 
Pr:HT3 
PF:~Tl 

PE~T3 
PERT] 
PERIJ 
PE~TJ 
PERT] 
PERT] 
PERIJ 
PERT] 
PERIJ 
PFRTJ 
PERT] 
PERIJ 
PERT] 
PERIJ 
PERIJ 
PERIJ 
PF.RT3 
PF.~T3 
PF:RTJ 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
71 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
~0 
91 
92 
93. 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103" 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
11 s 
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125 

130 
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SUBROUTINE Pf;RTJ 74/74 OPT=l 

· 950 F'S=10EI) 
975 CONTI NL"E-

00 1oon r=1;3 . . 
100~ RBtiJ=-RAS<II•Z.oo~souM~IP~Ill 

RBU=SUIH <IXITER IRBo ~BJ I· 
DO 1~00 r~1o3 . 

1100 UNNPPit•~RSIIJ/RBU 
C ooo CALCULATE LOCAL FA:ET TANGENT 

DO 1200 I=!o3 
1200 RRT<l)=RYSII1-DOTE~<RHSoUNWPP)oUNNPPII) 

R~TU=SO~TIDOTERIRRroRRTII 
· ·oo 13oo t=l•3 

1300. Ul:TPP I r:• =R-~T <1 l /RR ru 
C ooo CHECK UTTPP AND UN~PP FOR WORMALAC~ 

fNO~M=nQTE~<UlTPPoUN~PPI 
If fA8~:FNnRMI.GT.0.00011 WRITE (6,14001 

1~00 FORMAT ~10Xo3~HUTT~P A~O-UWNPP ARE NOT NCRMALJ 
1500 CALL ·cROc;S <UTTPPoU;o.INPPoUT2PPI 

CALL CHECK~IUNNP?oUTTPPoUTZPPoiCDl 
If <'ICO.GT.O) WRITE 16ol600) 

1&00 FORMAT !10~o19HUNNPPo UTTP~, UT2PP) . 
C NO'II PUT TH: SLOPE ERROR THSL ONTO UNNPP T•O YIELD UN~P 

CSTHSL=COS(THSL/Sl.Jl 
SNTHSL=SIN(THSL/57.31 
CSPH=COS(P~/57.31 
SNPH:Sl~(P~/57.3) 
DO 85 I=lo3 . 

85 UNNP I II =IIN~IPP I I I °CSTHSl +SNTHSLo <UTTP.P Cl) OCSPH+UT2PP I II 0 Si•iPHI 
TEST = )nTER<UNNPoUNNPl-1.00 
IFIABS<TESTI.GT.O.G~Oll WRJTE1&,90) 

90 F'ORMATClOXol1HUNNP IS NOTo2Xol3HA UNIT VECTOR) 
RETURN. 

·END 

03/2~/77 21.51.16 

PF:RTJ 
PF.RT3 
PF.IH3 
PERT3 
PERTJ 
PERT3 
PF.:RTJ 
PERT3 
PF.:RTJ 
PERT) 
PERT3 
PERT3 
Pf.RTJ 
PF.RT3 
PF.RT3 
Pr::RT3 
PF.RTJ 
PF.:RTJ 
PF.RTJ 
:PF.RT3 
PERT3 
PERTJ 
PI"RT3 
PERTJ 
PfiH3 
PERTJ. 
PERT) 
PF:RT3 
PERT) 
PF.RT3 
Pr::RTJ 
PF.RT3 
PERT) 

116 
117 
11-8 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
13!3 
139 
140 
141 
142 
143 
144 
145 
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147 
148 
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SUBROUtiNE TOEIN 74174 OPT=l 

SUqROUTI~E TOEIN!XFoCTHETOtSTHETOtUHVl 
REAL N 
C0MM0N/8AbA/STH,CT~o5EQo0MEo0MStNI~ltUE13lt 

FTN 4.5~410A 

1 UN!3loUSC3loUACJ••URC31oTHETAt~ONoiDAYtSMALRtCAPR•CEQ 
CO~MON/T0E/CTAZT•STA2ToCTELToiFOCUSoSTELTtUTARG!3ltDTARGC31 
DitAENSIO"' Ff ill oUF 13~ tURT 131 oUMNT 131 oUMNTI 131 oUHOZT 131 tUfF'()) t 
~ UHVC])oURTP131oUM~FI31oUBEDNT!31tUAXVTI31tUXV2TC31 

C •• rOCUS T~E NORMAL 
C •• SET TOE-I~ VECTOR U~T 

DO 300 I=1t3 
URTCil=ICTAZT°C-UNIIti-STAZT 0 UE!II1°CTELT-STELT 0 N(Il 

300 UMNT (I I =IITIIRGI I l -U'H CI I 
C oo SET MIRRO~ NORMAL A~D OUTER AXIS VECTOR FOR TOE-IN CAL~ULATIONS 

U~AG=SORTIOOTER!UM"'ToUMNTll 
DO 400 I=1o3 
UMNTICII=U~NTCII/U~AG 

400 UHOZTIII:UHVCil 
CALL TRIADSCNtUMNTit~AXVTtUHVtUXV2ToUBEDNTo2l 
DO 500 1=1·3 

SOO ffCII=DTARGIII-Xf•UH~IIl 
FMAG=SQRTIDOTERCff,fFil 
DO 600 I=lo3 

600 Uf!II=Ff!Il/fMAG 
Coo ROTATE Uf AND URT I~TC.T~E UBEON AND UHV PLANE 

CTX=DOTER Cuf ,U~EDNTI 
STx=DOTEQ!Uf,UHOZTI 
~TXX=DOTERCURToUBEONll 
STXX=DOTFRCURToUHOZT) 
DO 700· I=1o3 
UfPCII=UREONTIJI•CTX•UHOZT!IlOSTX 

700 ·uRTP I I I =11ll!:DNT C I l °CDX•UHOZT I I I oSTXX 
C oo FINO fACET NORMAL 

AMAG=SQRTIDOTERCUFP,UfF'Il 
BMAG=SORTIDOTERCU~TP,URTP)) 

DO 800 I=1o3 
800 U~NFCII=UfPIIl/AMA5-URTP!II/BMAG 

UMAG=SORTCnOTERCUM~F,UMNfll 
DO 900· I=1o3 

900 UMNFIII=UMNfCII/U~AG 
CTHETO=DOTfRCUMNftUM~TII 
STHETO=DoTERCUMNfoUX~2Tl 
RETURN 
END 

03/21/77 21.51.16 

TOEI~J 

TOE HI 
TOE HI 
ToE IN 
TOE IN 
TOE IN 
TOE IN 
ToE IN 
ToE HI 
ToE IN 
ToE IN 
ToE IN 
ToE IN 
ToE IN 
TOE IN 
TOE IN 
ToE IN 
TOE IN 
ToE IN 
ToEIN 
TOE IN 
ToE IN 
TOE IN 
ToE IN 
TOE IN 
TOE IN 
TOE IN 
TOE IN 
ToE IN 
TOE IN 
TOE IN 
TOE IN 
TOE IN 
TOE IN 
ToE IN 
TOE IN 
ToE IN 
ToE HI 
TOE HI 
ToE IN 
ToE IN 
TOE IN 
ToE IN 
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23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
.40 
41 
42 
43 
44 

~AGE l 



SUBROUTINE F'ORiVE 74/74 ciPT:i ntii i+eS~t+IIi~ (jjfi~iii it 1si.r6· PAGE 1 

SUqROU~I~E F'ORIVE!UHOZoiF'VHI F'nRIVE 2 
RE.\L N FnR!VE 3 
CO~~ON/BABA/STH,CT~tSEQoOMEoOMSt~!31tUE!31t FnR!VE 4 

I UN(1ltUS!3ltUAI31•UR!31tTH!TAtMONtiO~Y,SMALRtCAPRtCEQ F'ORIVE 5 
5 C0"1MON/'J'lKER/URP I 3l , US 1 ! 3 It THSi_ t ::>H • TriSR, fHSUtCOUNT t WAVL(20 )t ORA(• F'I)RIVE 6 

COMMON /BALL/ OCOL•SCDELT!3ltXPtYPoPAX1oPAX2t0!31 F'r)RIVE 7 
FORIVE 8 

COMMON /JEFf/ UM~SIJitRRS!31tNSTOPStAtBt:oSMAXtRfiELOtTktlCMHt FI"IRIVE 9 
I JCSHoiFCoiHIToiCS~2.NCOLtiHOURoMINoELZtTtTOISXtTOISYt rnRIVE 10 

10 2 OUHAo0UMBoOU~C,U"1NNlC31tvMNN2ClltUMN!3ltiOHIT•NLATo FnRJVE 11 
) ~LONGtiLONGt~LATCtRCOt~PAC~tENHM FnRJVE 12 

COMMONITABLE/UHV 131 , UAX V! 3 l tUX Y2! 31 t RST! Ht WfV tNHF', XOF t ill02 tWF'V2, FoRIVE 13 
1 PHS!31o0ELXoOELYoWD•IFVt~R9C3JoUAXYP!3loUXV2PPC31• FDRIVE 14 
2 UTTI3loUNN~(J)oUXV2P!3) FnRIVE 15. 

15 3 tUMNP fll oiJMNPP I 31 tf, ALENtUBEOI~ C 31 t IFOCoiORIVE fORIVE 16 
COMMON /Cl~DEX/ XPCOLtYPCOLoCOSAtCOSBtSLJUMtiiiCELLtiCELLtJCELLt F'ORIVE 17 

1 XCSAVtYCSAVoXCMtYCMtiC~LMoJCELM FnRIVE 18 
c THIS ROUTINE SETS UP THE TRIAL AT T~E HIT f~CET CENTER F'OR FORivE 1~ 

c INOEPENDE~T FACET DRIVES. FnRIVE 20 
20 D!MENSJON UrlOZ13ltXCC!31tOUTFI31tUTFCJitJTFPR!31tURPRC3.tUMNFC3J FORIVE 21 

~ OIHENSIO~ UMNDUMC31 oAl~PC3) fORJVE 22 
0 
-J DO 101 1=1.3 FORJVE 23 
0 101 XCCCII=CALfN/l.-CfLOAT!IFVH-1lt°KDF! 0 UHOZII) FORJVE 24 

"" I CALL AJ~oP(XCMoYCMt2tAIMPI FORIVE 25 
b:l ..... 25 DO 102 J=1o3 FDRIVE 26 ..... I 

I 102 DUTF'IJI=-XCC!Jl-XC~•UECJI-YCM0UNCJI•(TH-(DCOL/2.0))•NC~t•AIHP(JJ fnRIVE 27 "" ~ AMAG=SQ~TCOOTERCDUTftDUTFil FORIVE 28 ~ 

DO 103 <:1.3 fr>RJVE 29 
103 UTFIKl=JUTFIKI/A~A~ FO~IVE 30 

30 00 106 _:1,3 fORJVE 31 
UTFPRILt=IOOTERIUBEONtUTFli•UBED~ILI•IOOrERCUHOZtUTf))OLHOZ(L) FORIVE 32 

106 URPR{L)=CDOTERCUBEDNoURll 0UBEDWC~)•(D0TE~CUHOZoUR))O~H02CLl FORIVE 33 
AMAGl=SJ~TtDOTERIUqPRtURPRI) fORivE · 34 
AMAG2=S)qT(DOTERCUTFPRoUTFPRll foRIVE 35 

35 DO U7 "1:1.3· FoRJVE 36· 
107 UMNf{M)=~UPPRIM!/AMAGl•UTfPRCMt/~MAGZ FoRJVE 37 

DO l O'J I= 1 • 3 fniUVE 38 
UMNUUMIIl=-UR(I)•UTfiii fOR IV[ 39 

109 CONTHlLt:: fORlVE 40• 
4.0 AMAG3=SJ~TtOOTE~CU~NDU~,UHNDUHII fOio!lVE 41 

DO 111 1=1•3 F'ORIVE 42 
UMNDUM•I·>=UMNDUM(II/AMAG3 FnRlVE 43 

111 CONTINUE FORIVE 44 
A~AG=SO~TCOOTERIUMNF'tUMNf)) FnRIVE 45 

~5 DO 1 Od ·I= 1 • 3 ·fORI VE 46 
108 UMNCII=J~NFCil/AMA~ FDRIVE 47 

CALL CPDSS!UAXVoUMNtUXV21 FORIVE 48 
RETURN fORIVE 49 
E~lD fD~iVE so 
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SUBROUTINE fiNOIT 74t74 OP~=1 

SUBROUTINE fiNOl~I~OltiFVHSI 
coo ~HIS ROUTI~E FINDS T~E LIST OF MIRRORS WHICH A RAY tROM THE SUN 
C COJLD POS$IHLY HAVE HIT. IT ALSO FINDS THE LIST OF MIRRORS wHICH 
C A ~F.FLECTEO RAY COULD ~OSSIBLY HIT. FROM IT RINOXt INHITt AND 
C OFFRLOC A~E CAlLED. 

c 

R~AL N 
COMMON/B~RA/STHoCT~tSEOtOMEtOMStNI3ltUE131t 

I UNC3JoliSC3Jot;IAI3JoURC31oTHETAoHONoiDAYoSHALRtCAPRtCE::l 
COHMON/TABLE/UHV;3JoUAXVC3JoUXV213JoRSTC31oWFVoNHF.tXOFow02tWFV2 0 

I RH~I3Jo0EL:o~ELYoWOolFVoRRBI31oUAXVPCJ)oUXV2PPCJJo 
2 UTTIJI oUNNPCJJ oUXV2P()) 
3 oiJMNP(JJ olJMNPPClJ oFoALENoUBED~d31 oiFOCoiORIVE 

COM"'ON /.JEFF/ IJMNSC3J tRRSCJI oNSTOPSoA•9•CtSMAXoRFIELOtTHoiCMHt 
1 ICSHoiFC•l~!To!CSH~~NCOLtlHOURoMINoELloToTOISXoTOISYo 
2 OUMAoDUM~oJUMCoUMNNIIJ)oUMNN213JtUMNI31tiOHITtNLATo 
] NLONG•ILONG•NLATCoRCOoNPAC~oENHM 

COMMON /BALL/ OC0LoSCDELTI3JoXPoYP,PAX!tPAX2oDC31 

COMMON /CINOEX/ XPCOLoYPCOLoCOSA~COSBoSLDUMoWCELLoiCELLoJCELLt 
I XCSAVoYCSAVtXCMoYCMtiCELMoJCELM 

COHMON/S TR:JCT /GAP, "'LONG t WS IDE • WTR It XL TR It B 1•82 t 
~ ·WcPOSStWOUMo1FkLMtHTMIRtHTCROSoWJCROS 
COMMON/B~OTSTIALBLOCoiC00tUHV2C3JoUAXV21JI 
OIMENS!O"' VSI 131 tVS2C31 tVSJIJI oVS4CJI tVS5131 tVSoiJI tVS7131 
OIME~SION XSAVC26JoYSAVI201oiCELSI201oJCELSI201tUHVSC31 
DIMENSION YDUM13ltXOUMI3J 

C IC~H:1 IF MIRPOP. WAS HIT 
C IC~H=O IF ~0 MIRROR WAS HIT 
C ICSH= N•JMi!ER OF MIRRORS 
C HIT AFT£R FIRST HIT. IF 
C NUMBER OF SHAOO"'S 
C UMNS UNIT NORM~l OF THE 
C FIRST MIRROR HIT 
C PAS VECTn~·FROM ~!RROR 
C CENTER TO HIT POINT ON 
C MI~RORo NoNE UNIT 
C IIIHoJJ~I INOEXS OF HIT MIRROR 
c 
C CHECK END POINlS OF S 
C START P~INT FI~ST 

IF!IFC.LT.21 GO 10 1974 
XPCOL=XP 
YPCOL=YP 
xsss=xcM 
vsss=vcH 
GO TO 8975 

197.0 XPCOL=XP 
YPCOL=YP 
COSA=O. 
CO~H=O. 
SLnUM=O. 
CALL RIN!>X 
XSAVIII=XCSAV 
YS~VCII=YCSAV 
ICELS< I I =I CELL 
.JCFLS I I I :JCELL 

03/21177 21.51.1& 

f"INDIT 
FJNDIT 
FJNDJT 
FIND IT 
F JNDJT 
FIND IT 
FIND IT 
F.yNOIT 
F!NDJT 
F JNDJT 
F TNOJT 
FIND IT· 
FJNOJT 
Fr.ND!T 
FJND!T 
F !NO IT 
F JNDIT 
F!NDJT 
F!NDIT 
FJNDIT 
FJNDJT 
FJND!T 
FJNDIT 
FJND!T 
FJNOJT 
FyNOIT 
FJNDIT 
FIND IT 
F tND IT 
FtNDJT 
FtNDJT 
F tNDIT 
FtNDJT 
FIND IT 
FIND IT 
FIND IT 
FIND IT 
F. JND IT 
FtNDIT 
FINDIT 
FIND IT 
FIND IT 
FIND IT 
FtNDIT 
FIND IT 
F!NDIT 
F JNDIT 
FIND IT 
F. tNDIT 
F TNDIT 
F. TNDIT 
F. yNDTT 
FIND IT 
F" JNDJT 
F" TNDIT 
F" TNDIT 
F. !NO IT 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
)4 
15 
16 
17 
1!! 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2!! 
29 
30 
31 
32 
33 
34 
35 
36· 
37 
38 
39 
40" 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
SH 
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SUBROUT1NE FlNDlT 74174 :lPl'=l 

60 

65 

10 

75 

80. 

85 

90 

95 

100 

lOS 

110 

XSSS=XCSAV 
-YSSS=YCSAV 

A975 ICONT=l 
C SEC:lNO END PO[Nr 

c 

c 
c 
c 
c 
c 

c 
c 

40 

C05o\=DUMA 
COSB=Du~~ 
SLOU'4:iSMAX 
CALL RINOX 
l!SAV(21=xCSAV 
YSAVC21=YCSAV 
ICEL5121=ICELL 
JCELS I 21 =JCELL 

MAKE TEST<; 
TESTl=ABSlXSAVI2•-XSSSI 
TEST2=ABSIYSAVt2•-YSSSI 
1FtT£STl.GT.Oo0011 GO TD 40 
IFtTESJ2.GTo0oOOll GO TO 40 
IFtlFC,En.ll GO 10 50 
IClHIT=O 
RETURN 

AT THIS POINT srAqT 
THE SAME MIRROR 

END POINT AND STAqT 
DIFFER ~y MORE THAN 
IN BETWEE"i 

NSTO=NSTOPS-1 
DN~i:FLOATINSTDI 

A~ ENO ARE 
CAJ..L IN .. IT 
POol NT 
OlliE: TEST 

00 4§ K=Jo-..STD 
SLOUI'I=SMAXofLOU :K) tDN!41 
CALL RIN!)X­
TEST:=ABSIXSSS-XCSAV) 
.TESTZ=ABSIYSSS-YCSAV) 
If t7EST1 ,LT. 0-001 .A~D. TESf2 .LT. 0,001) 60 TO 45 
XSSS=XCSAV 
YS<;S=YCSAV 
ICONT=IC!"'NT•l 
XSAV!ICONTI=XCSAP 
YSAV!ICONTI=YCSAP 
ICELSIICONTI=ICELL 
JC(LSIICONTI=JCELL 

45 CONENUE 
lftlFC,E0.21 Go -o 2001 

ALL POSSI~LE HI-s HAVE SEEN ()UNO 
NOw CALL INHIT TO TEST 

50 ICSH=O 
IFRAM=O 
ICSH2=0 
ICMH=O 
00 100 I=iolCONT 
XC=XSAVII) 

.YC=YSAVIII 
DHNH=SQRTil!C•XC•TC•YCI 
DO 5 KI=lo3 

5 UHV tn) = (YC•u£ 4KI) -xC•UNCKII) I'OMNH 
ISCEL=ICF.LStn 
JSCEL=JCELS I I I 
If tlCSAV ,GT. C~.•THI) GO TO 100 

113/21177 21.51.16 

FIND IT 
fiND IT 

"FJNDJT 
Ftt.<ID[T 
F[ND[T 
f'[NOIT 
FIND IT 
FIND IT 
F.INO.JT 
FtNDIT 
FIND IT 
FINO IT 
FIND IT 
FIND IT 
FIND IT 
fiND IT 
FIND IT 
fiND IT 
FJNOIT 
FIND IT 
FIND IT 
FIND IT 
FIND IT 
f'INOIT 
FINO IT 
FIND[T. 
FJNDIT 
l'mi)JT 
F tflon 
FJNDIJ 
FIND IT 
FINO IT 
FJNDIT 
FIND IT 
F INDIT 
FJNDIT 
FtNDJT 
FIND IT 
FtNDJT 
F IIIIDIT 
F INDIT 
F tNDIJ 
F tNDJT 
F_JNDIT 
FIND IT 
fiND IT 
FJIIIDIT 
FJNDIT 
fiND IT 
fiND IT 
ftNDIT 
ftNDIT 
FJNDIJ 
f'JNDU­
FJNDJT . 
FIND IT 
FJNOIT 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
10 
71 
72 
73 
74 
75 
76 
71 
78 
19 
80 
81 
82 
83 
84 
85 
86 
87 
88' 
89 
90 
91 
92 
93 
94 
95 
96 
97 

.98 
99 

100 
101 
102 
103 
104 
lOS 
106 
107 
108 
109 
110 
Ill 
Ll2 
113 
114 
uo; 

PAGE 

f'!-

- ---------------- ...----- .......... ---



""' 0 
-.1 
0 
w 
I ...... ...... 
I 

1.\) 

SUBROUTINE FINOIT 74/74 OPT=1 

115 

120 

125 

130 

135 

140 

145 

150' 

155 

160 

165 

170 

CALL INHtTIXC~YCtiFVHtiSHAOtALMINl 
IFIIHIT.~Q.Ol G~ TC 100 
IFIICHH.E0.1.0R.If~A~.GT.Ol GO TO 70 

C fOUND ftR~T HIT 
ND1=3 
IC~H=1 
JCELH=ISCEL 
JCELH=JSCEL 
XC"'= XC 
YC"'=YC 
RHIT=SQRTIXC 0 XC•YC 0 YCI 
IfVHS=tfVH 
ICSH=ICSH•ISHAO 
DO 60 J=lt3 
RHSIJI=R~BIJ) 
UHVSIJI=UHVIJI 
UHNSIJI=UHNIJI 

60 RRSIJI=R~SIJI•IALE~/2o-IFLOATIIFVH-11l•XDF1°UHVIJI 
H=I -
DO 103 ·JK=ltH 
ltC:XSAVIJKI 
YC=YSAVIJK) 
XS=XP 
YS=YP 
CALL HIR~NIXCtYCI 
DO 107 J'l=l•3 

107 UHVIJBI=IYC 0UEIJ~l-XC0UNIJBII/SQRTCXC0XC•YC0YCI 
CALL· TRIADSINtUMNt~AXV~UHVtUXV2tUBEON~ . 
DO 113 J'l=lt3 
vs·! IJBI=cxC-XS)•UEtJBI • IYC-YS1°UNIJBI - OCOL•O.S•NC.JBI 

o - HTMJRoU~EDNIJSI 
VS21JSI=vSIIJBI•WDUM•0AXVIJBl-WSIOE 0 0.S•UBEDNIJBl 
VS31JBl=VSIIJBl-W0LMUUAXVIJBl-WSIDE 0 0.S•UBE0NCJBl 
VS4IJSl=VSICJBl - ~TCHOS•O.S0U9EDNIJBl 
VSSIJRl=VS41JBl - ~Of 0 UHVIJHl 

VS6CJBl=VS4IJBl • ~OF 0 UHVIJ?.l 
VS7CJBI=VSIIJBJ - ~TCHDS•UBEONlJBl 

113 CONTINUE 
I COD= I 
JKD=JK 
MDUf~=H 

·CALL fRA~EIVSI,VS2oVS3tVS4tVSS,VS6tVS7tALfRAM~JKDtHOUMtALHINI 
lf(ALfRA~.GT.ALMIN) IfRA~=O 

lfCifRAH.EO.OI GO 10 103 
ND!=l5 
JCv.H=O 
If1IfRAM.GT.1l ND1=16 
GO TO !On 

1 o 3 co~n lf~uE 
GO TO 100 

C SECOND ~NO SUCCEEDING HITS 
70 ICSH=ICS~•ISHAD•I 

RS~AO=SD~TCXC 0 XC•YC•YCI 
If CA~SC~SHAD-AHITJ.GT.10.1 ICSH2=ICSH2•1SHA0+1 

100 CONTINUE -
DO 6 I=1,3 

6 UHVCil=U~VSCil 

03/?.l/77 2lo5lol6 

fiNO IT 
F:tNOIT 
f'INOIT 
ftNOIT 
FtNDIT 
ftNDtT 
f tNDtT 
F tNDtT 
fiND IT 
ftNDtr 
fiND IT 
ftNOtT 
F JNDIT 
FtNDIT 
FtNOtT 
F TNOIT 
FtNDtT 
FtNDtT 
FtNDIT 
fiND IT 
FIND IT 
FJND!T 
FtNDtT 
FyNOtT 
FyNDtT 
ftNOIT 
FtNDIT 
ftNO!T 
F TNDIT 
FyNDIT 
F TNDIT 
FtNDtT 
fJNOtT 
FIND IT 
FIND IT 
FJNO[T 
FtNDIT 
FIND IT 
F tNDIT 
FtNDIT 
FIND IT 
FtNDIT 
FtNDIT 
FTNDIT 
FtNDIT 
FyNOIT 
FyNDtT 
FIND IT 
FIND IT 
fiND IT 
F!NOIT 
F yNOIT 
FyNOIT 
fJNDIT 
F yNOIT 
ftNDJT 
F yNDIT 

116 
117 
11'3 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132. 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 

'143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158' 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
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175 

lBO 

195 

190 

195 

200 
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SUBROUTINE F'tNOIT OPT=1 

RETURN 
2001 00 1973 <L=2•ICONT 

.XC=XS4VC'<Ll 
YC:YSI.VC'<Ll 
CALL OFF~LOCIXCMtYCMtXCtYCtiBLOC•IFVHSl 
ICOD=' . 
DO 19il r=i•3 
YDU~(]):[XC-XC~l 00EIII•CY:-YCMJ•UNII) 
XOUMCI>=rALEN12.-FLOATCIF~HS-l) 0XDFI•UHVCI) 
·VSlCJ)=-~HSCII-XOU~III•YO~~~I·-HTMIR•UBEONCit 
VS2CI•=VS1CIJ'•WOUM0 UAXV2CII-WSIOE 0 0.5°USEONCI) 
VS3CI)=VS11II-WOU~0VAXV2CII-WS]DE00.5°USEDNCI) 
.VS4Cil=V51CIJ-~TCROS•O.S0UBEOMI11. 
VSSCIJ:VS4Cll - XQF•UHV2Cil 
VS6 C I l :V<;4C I l + }(Cf'•UHV2 C [) 

~971 VS7Cil:Vc;1Cil - HTCROS 0 UBEONI!l 

f"TN 4e5~1ti0A 

CALL FRA"'E I VS1 t VS2 t WSJ t vs-. t VSSt vs·6, VS7tALFRAJo4tJKtMoALBL0Cl 
JF'IIF'RAM.ED.O.AND.I8LOC.EQ,Ot GO TO 1973 
IF'ClfRAM.EO.O.AND.I8LOC.EOo1) GO TO 7000 
iFCif~A~.En.J.AND.IBLOC.EO.Ot GO TO 7010 
IF'CAl6lOC.LE.ALFRA~I ~0 TO 7080 

7010 IBLOC=o 
IFRA!-4=4. 
N01=181 
IOHIT=I 
RETURN 

7000 IBLOC=I 
IFQAM=O 
ICHJT=l 
NOl=S 
GO TO 197~ 

1973 CONTI"l.JE 
1976 RETURN 

END 

FtNDIT 
FJIIIOIT 
FJNDtT 
FtNDIT 
FIND IT 
FIND IT 
FIND IT 
FJNDIT 
FtNDIT 
FtNOJT 
F'tNDIT 

. F[NOIT 
F'INDIT 
fiND IT 
FIND IT 
F' tNDJT 
FtNOIT 
FyNOIT 
FIND IT 
F' tND IT 
F'JNDJT 
f'JNDIT 
fiNO IT 
FIND IT 
FtNOJT 
fiNO IT 

· f'JNOIT 
FJIIIOJT 
FTND!T 
F[ND!T 
f'JNDJT 
FtNDIT 
F' tNDIT · 
FJNDIT 

173 
174 
175 
176 
17.1 
178 
179 
180 
181 
182 
1&3 
184 
195 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 

·4. 
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SURROUTI~JE TRIADS C "-ltUMNoUAXVoUHVtUXV2tUBEDN) TRIAOS 2 
c THIS QOUTINE BUILDS THE TWO T~IAOS 3 
c TURNTABLE BASES CNtUHVtUAXV> TRIADS 4 
c AND CUM~! • UAXV t UXV2'1 FROM N TRIADS 5 

5 c AND UMN. TRIADS 6 
c J.H. HAMMER OCTOBER 23o1974 TQIADS 7 

REAL NC3l TRIADS 8 
D1MENSIO~ UMNI31oUAXVC3)oUHVC3)oUXV2(3)· TQIAOS 9 
DIMENSIO~ UBEDNCJ) :TRIADS 10 

10 c THF Two TRIADS FOR A ~URPHY BED ARE BUILT FROM UMN AND UHV TQIAnS 11 
~ CALL C~OSSCUMNoUHVoUAXV) TRIADS 12 
0 
-J AMAG=DOTERCUAXVtuAXVI TQIADS 13 td 
0 AMAG=SORTCAMAG) TQIADS 14 I 

CA) DO 120 1=1·3 TR 1 Ar)S 15 
~ 

I 
-J 

....... 15 120 UAXVCli=UAXVCl)/AMAG TQlAOS 16 

....... CALL CQOSSCUAXV~U!'1NoUXV2) TRIADS 1.7 I 
l\:) CALL CROSSCUAXVtvHVoUSEDNI TqiAI)S 13 

c f'J!( SIGN OF FiEON TRIADS 19 
DB~=DOTEPCUMNtUBEDN> TRlAOS 20 

20 SGN=D8•VABS COBI.l) TQIADS .21 
DO no 1=1·3 lRIADS 22 

130 UB~DNCJ>=SGN°UBEONCI> TPIAOS 23 
RETURN TRIADS 24 
END TRIADS 25 
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5 

10 

15 

20 

25 

30 

35 

40 

45 

so 

55 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
·c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SU~HOUTI~E INHITIXCoYCtiFVHoi~H~D•ALMINI 
THIS SUBROUTINE FINDS THE 
HIT POI~To IF A~Y. ON ~OW 
PRO~ILE HELIOSTAT IIToJTI 
AND W>iiCH FACIT 
J,M~ HA~MER SEPT, ~3, 1~74 

REAL N• 
OIMENSIO~ RRIF131tYCI31 
C0~0N/TABLE/UHVI31tUAXVC31tU~V2(3JoRSTIJO•NFVtNHFtXOFoWDZtVFVZt 

1 ~HSI3loDELXoDELYtWCoiFVoRRBi31tUAXV?I3ltUXV2PPijl, 
2 UTTI31oUNNPIJioUXV2PI3l 
3 oUMNP431oUMNPPCJioFoALE~t~BECNC3)oiFOCoiJRIVE 

C0!'1"l0NIR41!A/S THo CT rlo SEQ o OME oOP.S oilltl Jl oUE I )a • 
1 UNO) tiJS I 31 oUA 131 oUR CJI • TI·ET.Ao MONo IDAi' oSMALRtCAPRtCEQ 
CO~"lON /JEFF/ UMNSIJ)oRRSIJio~STOPSoAtBoCoSMAXt~FIELO•THtiCMHt 

1 !C~HoiFCti~ITolCSH2oNCOLtiHOURoMI~tELZtTtTDISXoTPISYo 
2 QUt~A,OUMihDUMCoU'tNN1 l:!loUM•IN21lloJMNIJl oiOHITtNLATo 
3 ~LONGoiLON:io ~LATC .. RCOoNPACK oENHM 

CO!oMONlJOKFR/URP I Jl oUS1 Ill • THSLoPHo THSRt T.-ISUtCOUNT tNAVL (201 tOR AD 
CONi"lON /ST ~ TS/TPSo TSBtPH~ TPI/oPHVt 4VE • TSYtPAX1 VoPAX1BtPAX2VtPAX28 
COI<MON /BALL/ OC0LoSCDELT'<JitXPoY;>,pAX.ltP!IX2tO(Jl 

UMN!31 UNIT MIRROR NORMAL 
PROVIDED BY CALLING ROVTINE 
lNoUAXVoUHVI TRIAD I~ TURNTABLE 
UAXVI3l ·F~CIT ROTATIJN A~IS 
UHVl3J HORIZO~TAL IN TURNTABLE 
IUM~tUAXVoUXVll TRIA) IN FACIT FACE 
~XV213l VECTOR PERP, TO ~XV IN FACIT PLANE 
IIToJTl INDEX OF TUR~TABL~ JO BE TESTED 
!XS,YSI CORDS OF RAY STARf POINT ON TEST PLANE 
URIJI INCOMING RAY DIRECTION 
IHIT HIT CODEo 1 IF rliTo 0 IS NO HIT 
lFVH . THE INDEX OF HIT FACIT 
ALEH LENGTH OF TURNTABLE 
WO WIDTH OF TURNTABLE AND 
LENGT>i DF FACITS 
WFV WIDTH OF FACITS 
KHF NUMBER OF FACITS 
X.OF SPACI~G BETwEEN FACIT CENTERS 
RHS13l VECTOR FROM FACIT CENTER 
OUT TO HIT POINT ON FACIT 
JSHAO NUMBER OF SHADOWS C~ST 
PAYL ~AY LENGTH 
OEL~ fAST WEST ROW SPAC!N5 
OELY NORTH SOUT>i ROW SPACING 
PSTI3) VECTOR FROM ORIGIN TO RAY HIT 
IKLoYLtZLl START POI~T OF QEFLECTED P.AY 
BUILD BOTH THIADS 

CALL MJPPNCXCoYCl 
CALL ThiAOSIN•UMNoJAXVtUH•oUXVZo~BEONl 
ONML=DCTf.R!UR•UMNI 
I H 11 =0 
IHT!:=O 
IFv·.;,O 
XS:IP 
YS=tP 

INHIT 
INHIT 
INHIT 
INHIT 
INHIT 
I"'HIT 
INHIT 
INHIT 
INHIT 
INHIT 
INHIT 
IIIJHIT 
HIHIT 
I"JHIT 
HJHIT 
IIIJHIT 
I~HIT 
I•tHIT 
INHIT 
I"'HIT 
INHIT 
INHIT 
INHIT 
INHIT 
I~JHIT 

I"JHIT 
INHIT 
INHIT 
INHIT 
I~HIT 
INHIT 
INHIT 
I~HIT 

INHIT 
INHIT 
HtHIT 
INHIT 
INHIT 
INHlT 
INHIT 
INHIT 
INHIT 
INiiiT 
INHIT 
INHIT 
INHIT 
INHIT 
INHIT 
I"'HIT 
INHIT 
l'lHIT 
I~HIT 
I •~H IT 
INHIT 
INHIT 
INHIT 
INHIT 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
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ALMPI=10.E•l0 I~HIT . 59 
c SfT UP DO LOOP OVER fACITS INHIT 60 

60 DO 5CO I>V=loNHF Jr,nii T 61 
00 3( I= 1•1 INHIT 62 
VC (I~= L>~<;-XCI 0 UE I I I • tYS-Y.CI 0 UN( I 1-UHYI I I • IALEN/2.- I tJr! IT 63 

1 IFLCATI!FV-11)•XDFI•DCOL 0 N(Il/2.0 INHIT 64 
c !ERP.Oc; FOuND IN SIGN 6F VCIII B/12/75 CHANGE SIGN. INHIT 65 

65 30 VCIII=..,VCIII INHIT 66 
ALN=OOTERIUMNoVCI/ONwL INHIT 67 
DO 40 I= 1 • 3 INHIT 68 

40 RR!F!Il=ALNaURIIf-VCCII INHIT 69 
:I(VF=OOTEP(U4XV,R~IFI INHIT 70 

70· 'I'VF=OOTF.:R (lfXV2,~RIFl INHIT 71 

"'" IF!A~SIXVF">.GT.W02.0Q.A9SIYVFI.GT.~FV21 GO TO 500 INHIT 72 tJj 
0 c THIS I'"ACIT WAS ~IT. RECORD HIT INHIT 73 I 
-J 
0 IHIT=l I~HIT 74 CA) 

CA) IHTS=IHTS•1 INHIT 75 co 
I 75 [FIALN.GT.ALMHO GO TO 500 INHIT 76 ....... ...... Alr-1!N=4LN I"'HIT 77 
I 

1:\:) RAYL=ALN INHIT 78 
DO 65 !=1•3 I"'HIT 79 

65 RRFl I I) = !<RIFIII INHIT 80 
80 IFVH=IFV INHIT 81 

500 CONTI'IUE INHIT 82 
[FV=N"IF IrJHIT 83 
ISHAD=IHTS-1 INHIT 84 
1)0 80 I=lo 3 II\IHIT 85 

as 80 RSTIII=XC 0 liEIII•YC*U"'IIl+WFV2*NIII+UHVIII 0 1ALEN/2.- I ~JH IT 8~ 

1 !FLOATI!FV-11)*XDFI•~HSIII INHIT 87 
XL=OOrERIRSToUEI INHIT 88 
.'!'L=60rtR !RST oUNI INHIT 89 
ZL=OOJER!RSToNI INHIT 90 

90 RETURN .WHIT 91 
ENO INHIT 92 
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SUBROUTINE ONBLOCK 74/74 

c 
c 
t 
c 
c 
c 

c 

SU8ROCTI~E ONBLOCKCIBLOC,!FVHtAlBLOCI 
COMMON/TABLE/UHVC31oUAXVC31tUXV2!31tRST:31tWFVtNHFtXOftWOZtWFV2t 

1 ~H~C3lo0ELXoOELYoWOolFVoRRBi3ltUA:VPC3ltUXVZPPCj)~ 
2 OTTI3loUNN~I3loUXV2PI3l 
J tUMNP~3l~UMNPPC3ltFoALEN•UBEON:J)oiFOC~IORIVE 
COMMO~·B~3A/STHoCTNoSE~•OMEo0MS•NI3loUE·3), 

1 UN:3l•lJS(3),UAC3loURC31oTHEoAtMONoiD4YoSMALRtCAPR•CEQ 
COM~ON /JEFF/ UMNSI3ltRRS!lloNS~OFSoAt8•CtSMAXtRFIELO•THoiCMHt 

l T:SHoiFC•I~IToiCS~2oNCOLoEHOU~·~INoELZtToTOISXoTOISY, 
2 D:JMA, DlH~d, OII"'C, U!o!r~Nl I 3 l • ur-,~N2 ()I tUMN I 31 t IOHIT • NL4 T t 
3 N~ONGt!LONGoNLATC·RCOtNPACKoENHN 

COMMON ~~~LL/ DCOLtSCDELT:3loXP>YPtPAX1tPAX2tOC3l 

COMMONI.lJO<ER/UPPCJl oUSl 13: tTHSL,PhTHSQ, THSUtCOUNToWAVLoCZOI oORAD 
COMMON lS~ATS/TP3oTSBoPHB·TPVoPHV•AVEoTSVtPAXlVtPAX1B•PAX2VtPAXZB 

THIS QJIITINE Fl"40S IF US1 ·Is 
BLOCKEO ON THE TU~NTABLE IT STARTS 
FRO~ J,M. HA~ME~ SEPT,26tl974 

IBL3C BLOCKAGE CODE 0 IS NOT BLOC~ED 
1 R(~ WAS BLOCKED 

REAL N 
OI~ENSION XCClloXCQI3l 
ALHLOC=lO.E•lO 
IBLOC=r. 
DO 200 I•V=1oNHF 
IFciFV.EQ.IfVHl GO TO ZOO 
DO 20 !=1 •3 
XCCII=t>HV!Il~>XOf~>(F'LOATCIFVH-IFVII 

20 XCRCII=XC!Il•RHSIIl 
SIOE=D0TfRCUMN,XCl 
IFISIOE.Li,O,O) GO TO ZOO 
AL=OOTERCXCRoUMNI/OOTERCUS1oUMN) 
DO 30 r=lo3 

30 RR8Cil=AL•USlCII-X:RCll 
XVF=00TE~iQR8oUAXVI 
YVF~DOTE~(RRBoUXV21 
IFIARSrxvfi.GT.W02.0R.ABSCYVFI.GToWFV21 GO TO 200 

T~IS FACIT BLOCKED THE RAY 
I BLOC=! 
ALBLOC=AL 
GO T·O zsn 

200 CDNTINLE 
Ifv="'Hr 

250 RETURN. 
ENO 

OJ/Zl/77 Zl.5l,16 

ONBLOCK 
. ONBLOCK 

ONBLOCK 
OII!BLOCK 
ONIROCK 
OIIIBLOCK 
0!\IBLOCK. 
ONBLOCK 
ONBLOCK 
ON~LOCK 
O'l8LOCK 
ONBLOCK 
O~o~BLOCK 
O~o~BLOCK 
O!IIBLOCK 
O~SLOCK 
OIII~LOCK 
OIIIBLOCK 
ONBLOCK 
0!\I~LOCK 

O"JBLOCK 
ON~ LOCK 
ONBLOCK 
O"JBLOCK 
ONBLOCK 
0!\IBLOCK 
ONBLOCK 
ONBLOCK 
OfiiBLOCK 
ONBLOCK 
DflllROCK 
OfiiBLOCK 
0!\IBLOCK 
ONBLOCK 
ONBLOCK 
O"'tsLOCK 
ONBLOCK 

. ONBLOCK 
ONBLOCK 
O"JBLOCK 
OIIIBLOCK . 
ONBLOCK 
ONBLOCK 
ONBLOCK 
O"'BLOCK 
ONBLOCK 
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23 
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26 
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28 
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c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

oi>t=t 

SU~ROUTI~E OFF8LOC IKCMtYCMoXCtYCtiSLOCtifV11 
COMMON/8EDTST/AL6LOC,ICODtUHV2!31 •UAXV2131 
COMMON/TABLE/UHVI31oUAKVI31•UXV2131tRSTI31tWFVtNHftXDFtWD2tWFVit 

l RH,I3l•DELXo~ELYtWO•IFVoRRBI31tUAXVP!31oUXV2PPI31o 
2 UTTI3loUNN~I31oVXV2PI31 

J tUMNP!31•liMNPP!31oFoALENoUBEDNI31,IFOCoiDRIVE 
C0MMON/BAB~/STH,Cr~,SEOoOMEtOMStNI31oUE131t 

1 UNI3ltVSI31oUAI3l•URI31oTHETAoMON•IDAYoSMALRtCAPRtCEQ 
COMMON /JEFF/ UMN5131oRRSI31oNSTOPSoAtBoCtSMAXoRFIELO•THoiCHHt 

1 JC~HoiFCoi~IToiCSH2oNCOLoiHOURoMIN•ELZoToTOISXoTDISY, 
2 QU~Ao0UMaoOUMCoUMNN1131oUM~N213loUMNI31oiOHITtNLATo 
J NLnNGt1LO~GoNL~TCoRCOtNPACKoENHM 

COMMON/JQKF.R/UQPI3loUSI 131oTHSL•PHoTHSRoTHSUoCOUNToWAVL1201oDRA0 
COMMON ISTATS/TP8oTS9oPHBoTPVoPHVoAVEtTSVoPAX!VoPAX1BoPAX2VoPAX28 
COMMON /9ALL/ DC0LoSCDELTI31oXPtYPoPAX!tPAX2oDI31 

THIS ROUTINE FINDS IF A RAY 
FROM TUQNTABLE II1oJ11 IS BLOCKED 
BY A FACJT OF 112oJ2l . 
J,M, HA~MER SEPT, 26t1974 
IFV1 FACIT ON TURNTABLE IIloJll 
FROM WHENCE THE RAY CAME 

IBLOC BLOCKAGE CODE. 0 NO BLOCK• 
1 RAY IS RLOCI(£0 

~EAL N 
DIMENSION VC!3l,YC~H13loUXV2213l•UMN2131 
CALL HIRRNIXC•YCI 
ALBLOC:ln.E+lO 
DHNH=SORTIXC 0XC•~C•YCI · 
DO 7 1=1,3 

1 UHV21II=!YC 0 UEIII-XCOUNIIII/DHNH 
CALL TRIA0SINoUM~,UAXV2oUHV2tUXV22oUBEONI 
DO 10 1=!•3 

10 UMN21II=UMNIII 
IBLOC=O 
DO ~00 IFV=loNHF 
DO 20 !=1•3 
VCIII=UE!IIo(XC-~CMl•UNIII•IYC-YCHI•IALEN/2.0-CfLOATCIFV-111 

1 °XDFlou~V21II-(~LEN/2.0-CFLOATCIFVl-lii•XOFI*UHVCII 
2t VCRHIII=VCCII-RHS(Il . 

AL=DOTER!VCRHoUHM21/DOTERIUS1tUHN21 
DO 30 I=!•:l 

30 RRH I II =AL 0 1JS1 C I l -VCRH I I I 
XVF=OOTERIRRBoUAXV21 
YVF=DOTEQIRRBoUXf221 
IF!ARS!Xvfi.GT,WG2.0R.ABSCYVFI,GToWFV21 GO TO 200 

THI~ FAClT BLOCKED USl 
IBLOC=l . 
ALRLOC=AL 
GO TO 250 

200 CO"'TINUE 
JFv=NHF 

2SD RETURN 
END 

OFFRLOC 
OFF BLOC 
OFF BLOC 
OFFRLOC 
orFBLoc· 
OFFBL6C 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFFALOC. 
OFF BLOC 
OFF BLOC 
OrFBLOC 
OFF BLOC 
orFBLor. 
OFF BLOC 
OFF BLOC 
OrFBLOC 
OrFRL.OC 

·orFBLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
orFBLOC 
OFF BLOC 
OFF BLOC· 
OFF BLOC 
OFF BLOC 
OFF BLOC 
·OFF BLOC 
OFF BLOC 
OFFRLOC 
OFF BLOC 
OrFBLOC 
OrFBLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFF BLOC 
OFFBLO·r. 
OFF BLOC 
OFF BLOC 
OFFAL DC 
OFF BLOC 
OFf. BLOC 
OFFBL'OC 
OFF BLOC 
OFFBLOr. 
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SUBROUTINE MIRP~ OPT=l FTN It, 5•41 OA . 
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SUBROUT:NE MIRRNIXC·Y:I 
PE4L N 
COMHON/TABLE/UHVI31·U~XVI31·oUXV2C31tRSTC3,,WFVoNHFoXOfoW02oWFV2o 

1 RHSI31oDElXo0EltoWOoiFVoQRBI31oUAXV~I31oUXV2PPI31o 
Z UTTI31oUNNP(JloUXV2PI31 . 
3 oUMNP13) oUMNPPIJI ofo.~LENol.I3EDNIJ) olfOCoDRIVE 
C0MM0N/RAB~/STH,CT~·SEQoOME•DMSoNI3JoUEC3~o 

1 UNI3)oUSI31oUAIJioURI31•THETAoMONo[OA~oSMAlRoCAPQoCEC 
COMMON /JEFF/ UMNSI31 oQRSI3DoNSTOPSoAt8tCISMAXoRFIELDtTHoiCMHt 

1 JCSHoiFCoi~IT•ICSH2.NCOl•I~OURoMI~oELZoToTDISXoTOISYo 
2 1U"'Ao01J'4do0LI"'CoU"'NNl 131 oUM1~r~2131 oUHNI31 olOHITtNLllllo 
3 "'LONG•ILONGo NLA TC oA:O tNPAO:I< •EIIIKM 

COMMON I~ALL/ DC0loSCDELTI3toXPoYPoPAX1oPAX2oOI31 

COMMON/T [LTED/TTIL TtU•T 131 o•J1 13loU2l31 ,_,AP14AXoWAPMINoOFFsET 
COMMON/CAVITYISEPoDC1·DD2oROifoHOIFtHCAVoHSWTCI2)oRSWTCI21o-

•CILATI2l,CAVLATI2o2li•AI'4HGT . 
OIMENSIO~ AIMP131 
COHMONITOE/CTAZToSTAZToCTELToiFOCUSoSTELT·UTARGC31oOTARGCJI 
REAL MNCJI 
RC:,5°0Col 
YC1=YC 
CALL AI~PCXCoYC1t2oAIMPl 
oo 10 r=l•3 
HN C1 I= I TH-RC l 0 N (I l -x.cc·uE C U -YCl•U" C ll•SEP•o.5• CN C 11-UVT I HI • 

• AIMPCII 
10 OTARGCII=MNCII 

ONM = OOTERIMNoNN) 
Of'.!M = ')Q::>TIONMI 
00 15 ! :: .1 ; 3 
UTARGIII~MNIIl/ONM 

15 MNCII=MN411/DNM-URCit 
XXR = OOIERI14NoMNI 
XXR=1./S~RTCXXQ) 

oo 5091 r=l•::l · 
5091 UMNIII=M~(Jl•XXA 

PET.UAN 
END 

63/2~/77 21.51.1~ 

MIRRN 
MIRRN 
MyRRN 
MtRRN 
MI~RN 
MtRAN 
MtRRN 
HtRRN 
MIRRN 
MTRRN 
MJRAN 
MtRRN 
MIRRN 
HIRRN 
HTRRN 
MTRRN 
HTRRN 
MtRRN 
MTRRN 
MIRRN 
H!HRN 
MIRRN 
MtRRN· 
HTRRN 
HtRRN 
HTRRN 
HJRAN 
HJRRN 
HJRRN· 
MJRRN 
MIHAN 
MIRRN 
MJRRN 
HyRR~ 

HyRRN 
MI~RN 
MIRRN 
M(RRN 
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SUBROUTiNE RINOX 74/74 OPT=1 

SUQROUTI~E RINOX 
coo THIS ROUTI~E FINOS T~E CLOSEST HELIOSTAT TO A GIVEN POINT 
C xP, yP ON TH~ TEST PLANE, 

CO~MON /qALL/ DC0LoSCOE_T(3loXPoYPoPAXloPAX2•013l 

COMMON /JEFF/ UMNSI3loRRSC3)tNSTOPSoAt8tCtSMAXoRFIELO•THoiCMHt 
1 ICSHol~C•I~IToiCSH2oNCOLtiHOURoMINoELZtTtTOISXtTOISYo 
2 OU~A,OU~~.DU~C,UMNN1C3loUMNN213loUMNC3loiOHIToNLAT, 

3 ~L~NG•ILONGoNLATCoRCO~NPACKoENHM 
COMMON /ClN~f.X/.XPCOLoYPCOLoCOSAoCOSBoSLOUMtWCELLtiCELLtJCELLt 

1 XCSAVtYCSAVtXC~oYCMoiCELMoJCELM 
COMMON/MAPS/NRZFoNAZZFoNCC250oBl•SRAOC250oBloNPRAOC8loOEG 
XPD=XPCOL•SLOUMoCOSB 
YPO=YPCOL•SLDUMoCOSA 

C THIS ROUTINE WAS CnANGEO MARCH 1975 J,M,HAMMER G.A,SMITH 
C FINO MAP CELL 

ICELL=INTICXPD+RFIEL0-10ISX~/WCELLl•1 
JCELL=INTCIRFIELO-YPO-lOISYJ/WCELLl•l 
IFCICELL,LT.1 l ICELL ~ 1 
IFIJCELL.LT.1 l JCELL = 1 
IFIJCELL,GT.10l JCELL ·= 10 
IFIICELL.GT.10l ICELL = 10 

C POLAR SPACf.O FIELD 
C PUT TEST P~INT INTO POLA~ COORDINATES 

RHIT=SORTCXP0°XPO•YPOo~pQ) 
ANG=ATAN2CXPD•YP0) 
IF CANr,.LT.O,Ol ANG=ANG•2. 0 3.14159 
JZ=INTIA~G/DEGl•l 
IF IDEG • GT ,6, l JZ=1 
IF!RHlT,r,T.RCOl GO TO 101 
IR=1 
GO TO <;6 

101 IR=INTICQHIT-RCOl/ISQADI!NPRAOIJZl-1l•JZl-SRAOICNPRAOIJZI-2loJZlll 
10 IR=IR•1 

IFIJQ,LT,1l 1R=1 
IF I IR .GE. INPRAOIJZl -1 l l IR=NPRAOIJZl-1 
IF IIR.E~. INPRADIJZl-lll GO TO 56 
IFcRHIT.GT.SRAOIIR•1o~Zll GO TO 10 

C RADIAL ZONE FOUND IS IQ 
56 RZ1=1SP.ADITR+1oJZI•SQAOIIRtJZll/2, 

C FIND THE AZIMUTH ZONE 
OELA=DfG/FLOATINCIIRoJZII 
IZ=INTIIANG-OEG°FLOATIJZ-1ll/DELAI•1 
AZl=DEG°FLOATIJZ-ll•DELA°CFLOATIIZI-.Sl 

C THE CENTER OF THE HELIOSTAT IN ZONE IR IS 
XCSAV=RZ1°SINIAZ11 
YC<;AV=RZJoCOSIAZll 
YCSAVP=YCSAV•TOISY 
XCSAVP=XCSAV•TDISX 
XMAGP=~QPTIXCSAVPoXCSAVP•YCSAVPOYCSAVP)· 

IF IX~AGP ,GT. RFIELD, XCSAV=1o,oTH 
RETURN 
ENO 

RIND X 
RTNOX 
RIND X 
RyNOX 
RyNOX 
RyNOX 
RTNOX 
RyNOX 
RyNOX 
RyNOX 
RIND X 
RyNOX 
RtNOX 
RyNOX 
RJNOX 
RIND X 
RyNOX 
RINOX 
RyNOX 
RyNOX 
RIND X 
RyNOX 
RyNOX 
RINOX 
RIND X 
RTNDX 
RJNDx 
RyNOX 
RyNOX 
RIND X 
RJNOX 
RyNOX 
RIND X 
RyNOl( 
RyNOX 
RIND X 
RJNDX 
RyNOX 
RyNOX 
RyNOX 
RTNOX 
RJNOX 
RyNOX 
RyNOX 
RyNOX 
RJNOX 
RyNOX 
RIND X 
RyNOX 

· RyNOX 
RJNOX 
RyNOX 
RyNOX 
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SUBROUTINE 
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5 

CROSS 14114 OPt=l 

·sUSAC•lJTINE CROSS lA •BoCI 
OI~E"'SIO'J td31 ,8(]),(.(31 
cc 11 = AC2l•BC3l - AC3l•BC2) 
CC2l = -CAC11°BC31 - AC31*8Cl) I 
CC31 = ACll 0 BC2l - A C 21 +B C 1) 
RETURW 
END 

Ft~ 4.·s~4li)l 'Untttt 2i•"S\;.~6 "PA'G"E; 1 

CROSS 2 
CROSS 3 
CROSS 4 
CPOSS 5 
CQOSS 6 
CROSS 7 
CROSS 8 
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SU6P.OUT INE ~JON' OPT=1 

SURROUTI~E MOONINOioiACl 
C THIS SUH~OUTINE CH~C~S rOR RECEIVE~ HITS roR ANY RAY WHICH 
C GETS CLEhNI Y AwAY FROM THE riELO. IT CHECKS FOR ENTRY INTO 
C THE APERTUQE SUPPORT HITS ANO.CYLINOER HITS, IT MAPS ALL 
C FLUX WHI(H HITS CYLINDER WALLS OR THE ROOr, 

INTEGER CILAT 
REAL N 
COHMON /JErF/ lJHNSI3loRRSI3loNSTOPSoAtBoCtSMAXtRFIELD•THoiCMH• 

I ICSHoiFCol~iToiCSH2oNCOLtiHOURoHINoELZoTtTOISXoTOISY, 
2 DU~A,DlJMBo?UMC,UHNNII3)oUM~N2C31tUHNI3loiOHITtNLATo 
3 NLONG•ILDNG•NLATCoRCO•NPACKoENHM 

C0HMDN/BABAISTHoCTHtSEOoOMEoOM5oNI3loUEI3lo 
I lJN(3)oUSI31oUAI31oURI31oTHETAoMONolUAYoSMALRoCAPRtCEQ 
COHMON/JOKFR/UP.PIJloUSI (JioTHSLoPHoTHSRoTHSUoCOUNToWAVLI20loORAD 
COMMON /~ALL/ DC0LoSCDELTI31oXPoYPoPAXloPAX2oD13l 

COMMON /STAT5/TP3oTS9oPH9oTPV,PHVtAVE,TSVoPAX1VtPAXIBoPAX2VtPAX2B 
CDMMON/RANOOH/NRUNo!RA~CoiJUHPoHODEoiSRANo!RAYS 

I • ITI•liOtJioi.IHC,DI"'TV•YrRAC . 
COMMON/CAVITY/SfDoOOloOD2oRDiroHDIFoHVACoHSWTCI21oHSWTCI21o 
C!LATI21oCAVL~TI2o2lloAIHHGT . 

C0HM0NtCF.ILING/NAZZo~HZoDTAZI211oORZIIOloU03oiZRoiZAZ 
CDHHON/St~DT/OELTMoTHESoKSEGoAPHoSWoNSUPoRCONEoTHECONtHTOT 
C0MMON/TILTEO/TTILToUVT13ltUl13ltU2131tWAPMAX,WAPMINtOFFSET 
COHMON/MOONMP/JWHISoJCOR9oJHISHitJHISLOtJFRONT 
DIMENSION TEHPD13lolSUP13ltUPH(3ltPVI3loUPVI3ltRH13lt0013l 
DIMENSION VUP13ltDJP13ltRTH13l,UNA13l 
Ir IIAC.LT,7l GO TO 3JJ 

C CH~CK FOP DROPER PIPE DIAMETER, 
DEW=2, oRCO'tf • I "'APHA < • WAPH IN I oo. 505 IN !THE CONI 
ON=2.0o(QCONE•WAPHA~oSJNITHECONl~O.S•SEP 0 TANITHECONll 
IriDN.r.T.DEWl OEw=O~ 
lr!DD3.G,,(l,OloiDE-•OrrSETlll GO TO SO 
DD1=l.Ol~IOEW•OFFS~Tl 

WR!TEit'.t500l 003 
500 FORMAT(/,l0Xo42HINITIAL CAVITY DIAMETER TOO SMALL•RESET TOt 

onO.Io]X,2Hrl) 
80 DIST=IWAPMAX•WAPMI~lo0,25°COSITHECONl•SEPo0,5 

VERT=DIST°COSITTILTl . 
HT~t I 'I=WADM I No COS I T>iECONl 
ABoT=O.O 
RETURN 

333 CONTINUE 
C .CHECK roo HIT ON T~E CONE. 

JWHIS=O 
JCORB=O 
JM!SHI=O 
JMISLO=O 
JFRONT=O 
C~LL CON~IZ1tZ2tALitAL2tANGltANG2•1CHITtZZEROI 
lri!CHIT,GT.OI GO TO 10 
N0!=10 
JFRONT=I 
RETURN 

C FIND IF THE HIT IS WITHIN APERTURE BOUNDARIES. 
10 !F(All.C.T.AL21 GO -o 20 

IF!Zl.LE.Z7ERDl GO TO 21 

03/21177 2lo5lo16 
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SUBROUTI~E MOON 

23 ZHIT=Zl 
z:>uT=Z2 
A'IIG=ANG1 
A'IGOUT=AIIIG2 
GJ TO 30 

20 IfiZ2.LE.ZZERCl 60 TO ~ 
24 ZI'IT=Z2 

ZOUT=Z1 
ANG=ANG2 
AUGOUT=I\!IIG1 
Gil TO 30 

21 I~!Z2.LE.Z!ERDI ~0 T0·23 
ZHIT=l2 
AI'IG=~NG2 
ZNJT=Sooo. 
GC· TO 30 

22 IF!Z1.LE.ZZEROt ~0 TO 2~ 
Zt- IT=Z1 
AI'.G=ANG1 
ZC"..UT=SOOO .C· 

30 IFIA~G.GTo3ol415~1 ANG=Z,o3.:4159•ANG 
IF I ANGOUT .c.T. 3 ,14ol591 AI'IGOu-,.z, •3.14159-.ANGOUT 

C fiiiiD oiiOTH Of "'Pe:RTURE H TillE !1IT ANGLE •. 
WAPE=o1AP"l"-

fTN 4.5~4\0A 

IF!ANG.L7•c•09•41 W~PE=~APE-•W,PMAX•WAPMINI*Cl.O•ANG•0.47l51 
C fitJO TOP A'I.O BcTT:>"1 Of 5LAN~ OlSTA'IICE ALONG. THE APERTURE. 

AT:>P=WAP~•COSI~rtE:ONI 
lf~ZHIT,r,E.ABOTI 30 TO 40 
NOl=ll 
JMISL0=1 
RErURN 

40 IflZHIT,LE,ATOFl 60 TO·~ 
ND!=9 
JM:SHI=1 
RE-URN 

SO IF:ZOUT.sT.lOO.J GO TO 6) 
C CHEC~ .FO~ A wHISTLE THROJGH 

IIAI>2=WAP~1l!ll 

IF IANGOUT .LTo2'oO~·It41 NA92:V,=>2'• :IIIAPMAlC•IIAPMINJ•· 
1 I J,O-ANr,OUT•O.r.7i51 
AT0P2=~AP2oC051~HECONI 
IFIZOUT.GT,ATOP~I GO TO bO 
NOJ=14 
JW'iiS=1 

C WHI51LE THROUGH5 ~RE NOT ACCOU~TEO fOR I~ ~ONTE 
RE1URN 

60 coroTI...,tJE 
C IF A HIT IS FOU~O• CHECK FOR SUPPORT HIT. 

If COEL TM~~. 0 ol T~ZS=THES°FLeAT CKSEGI -3 •. 1415913.0 
IfCDELTM.LT.O·I T~A7S=THES•FLOATCKSEG•11•3,1415913.0 
IF(THAZS.LToOoOl I~A7.5=THAZS·~.283185 
CT~AZS:CJS!lHAZSI 
~T~AZS=S!NilHAZSI 

00 61 l=l•:l 
TEMPDIII=U2CII•STHAZS•U11JIOCfHAZS 
AStP I II =TE"!PD I I I 0 IJ01•002l 14. •UIITI: l •SEP/2. 
OO!Il•OIII•~SUPill 

~~121177 2l.St.l6 

MOON 
MOON 
MOO.N. 
MOON. 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MI)ON 
MOON 
MOON 
MOON 
MOON 
MOON 
:MI)ON 
!MOON 
MnON 
MOON 
MOON 
MOON 
MOON 
"!nON 
"'OON 
'"OON 
:o400N 
MOON 
MOON 
MOON 
MOON 
.'lOON 
I'IOON 

.ltnON 
MOON 
MOON 
MOON 

·MoON 
lliQON 
MOON 
~OON 

MOON 
NOON 
NOON 
"-lON 
14r)0N 
M'OON 
M:>ON 
NOON 
MnON 
No10N 
MOO~ 
H•10N 

59 
60 
61 
62 
63 
64 
65 
66 
67 
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SUS~OUTINE uoON Cii>T=l 

c 

c 
c 

c 
c 

c 
c 

UPH1ll=U21II•CTH~ZS~Ultll 0STHAZS 
61 PVIll=TEuPntJl•IOD2-0DII/4,•UVTill 0 SEP/2, 

PPV=SORTtO~TERtPV,PV)l 

DO 62 1=1•3 
62 UPVtll=PJIJl/PPV 

CALL CROSStUPHoUPVtl~Al 
CALL C~ECK~IUPH,UPYoUNAtlCOOl 
AL=OOTF.RtO~tUNAl/OOlE~CUSloUNAI 

00 63 I=! •3 
63 Rli tIl =AL•U!-1 I I l-00 Ill 

SWP=2.•DoTERIRHoVPH. 
!FtABSIS~PloGT,S~l CoO TO 120 
HIT SUPP()RT 
N01=12 
JCORB=l 
RETURN 

120 CONTINUE 
THE RAY IS KNOWN TO HAVE ENTERED THRU THE UPPER APERTURE, 
RESET TH~ D VECTOR TO AXIS OF TH~ PJPE, 
DO 90 1=1•3 

90 DIJl=Dill•DIST•UVTIJI-OFFSET 0 UNill-VERT•NIJI 
CHECK FOR PIPE HlTo 
FJQST PASS CHECKS ~ITS 0~ DIFFUSER, 
!PASS=2 

33 RCYL=RSWTCtlPASSl 
CALL PtP~IZ1oZ2tAL1tAL2oANGHltANGH2oRCYLolCHITI 
IF t!Cii!T.NE.OI GO TO 777 
WRITE 16,778) XPoYP·ZHIToZOUToANG1oANG2oANG 

778 FORMAT t~OXo2HXPol0Xt2HYPo8Xo4HZHITt8Xt4HZOUTo8Xt4HANG1t8Xt 
1 4HANG2o~X,3HANG•/olOX,7F12,3l 

777 CONTI NIJE 
.IFt!CHIT.EO.Ol GO TO 85 
!FtiPASS,Eo.z.ANO,Al1•LT,AL2l GO TO 81 
CILATIJACl=NUM8ER Of H~(GHT ZONE HIT 
ILDNG=NU~BER"OF AZIMUTH ZONE HIT 
z=zl 
ANG"=ANGHI 
GO TO A2 

81 z=zz 
ANG=ANGH? 

82 IFtZ.GT,(HSWTCtiPASSl•HT~INll GO TO 86 
DO 1900 T=JoNLATC . 
CII.AT I JP~S<;l =I 
IFtZ.G~.tCAVLATIIPA5S•Il•HTM!N)l GO TO 2000 

1900 CONTINUE 
2000 DELAHG=2.•3oi4159/FLOATINLONGl 

DO 1901 J=I•NLONG 
ILmlG=I 
IFtANG,GTotFL0ATII-l1°0ELANGl.AND.ANG.LE.IFLOATill•OELANGll 

•GO TO ·8·7 . 
!901 CO!\lTINUE 

C IF ~0 HITS ARE ENC~JNTEREDt N0)=3 
95 IftiPASS,[0.2l RETURN 
53 ·!PASS=2 

GO TO 33 
8~ IftiPASS,E~.ll GO TO 53 

c HIT CAVITY CEILING• FINO ZONE, 
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SUBROUTINE MOON 74/74 ()Pf= !. 

DO 4HO I=l•3 
VVPCII=C~SWTC(2l•H1MINI 0~Cll 

4000 OO~CIJ = DCII•VUPCII 
AL = )0T~RcOOP,Nl/COTERIUS1tNI 
00 40[5 t=l•J 

4005 RTHiU. = AL 0 USf I 1) -c II) -\'UP (I) 
XHtT = O~TER(RTHt~EI 
YHIT = O'TERCRTHtJ~l 
RHIT = SORTCXHJT 0X~IT•YHJT<>YHITI 
ANr,Htr = ATA~ZCX~[T,yHITt 
IF IANGHfT.LT•O•OI A~G~IJ=A~GKJT•2. 03el4159 
IF IRHIT ,GT .RSWTCI2') l WiHTE C6t401DI 
TESTS~ 4BSIDOT[RI~THtNll 
IF CTESTr;;.r,T .0.0011 .IIIRITE16t401Sl 

4010 F'()R"!Ai CNo-sX•48HHU VECTOR ON CAYlTl' CEILING IS LONGEP. 
ll3~CAVITY OAOIUS•/1 

MOON 
MOON 
MOON 
MOON 
"'OON 
'11)0N 
oCOON 
.oo~oON 

'o400N 
'"'00111 
-'00111 
MOON 
t400N 
t4f)ON 

THAN TilE t IIOON 

4015 fOo .. AT l.lt5Xt4?.HHrT VECTOR 
IIBH TO L(CAL WERT!C~L•/l 

NAZZP = •:AZZ•t 

ON CAVITY CEILING IS NOT NORMAL t 
!!lOON 
I'!OON 
I'\IOON 

po 3000 T=l•N~zzp· 
3000 If C AN·3HJT ~GT.'OTAZ I[). ANO.ANGHU .LT .OTA.l(l+ U l IZAZ:I 

NR['P = NPZ+l 
DO 300 I I=ltNR.ZP 

3001 IF IRtilT.GToORZCII•.aNO.RHIT.LT.D~ZCI•lll lZR=I 
IAC=3 
ND1=8 
RETU~N . 

87 IAC=IPlSS 
NOI=S•IAC 
RETURN' 
END 

ItO ON 
ItO ON 
MoON 
MOON 
MOON 
"lOON 
"nON 
.,.OON 

.MOON 
~OON 

I'!OON 
MOON 
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SUSROUTI~E PIPEIZloZ2oALl•AL2oANGHITloANGHIT2oRCYLoiCHITI 
c 
C THIS SUBROUTINE SOLVES FOR THE HIT POI~TS 121 Of A VECTOR WITH A 
C RIGHT CIRCULAR CYLINOE~ 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

REQUIRED INPUTS 
USl-UNIT VECTOR TO BE TESTED fOR HITS 
D-VECTOR fROM S.~H~ LOCATION IN SPACE AS US! TO THE BASE Of THE 

CYLINDER 
ACYL-RADIUS Of :YLI~DER 
N-UNIT VECTOR A-0~ THE CYLINDER 
UN-UNIT VFCTOQ JN A PLANE NORMAL 
UF.-UNIT VFCTOR SUCH THAT NtUNtUE 

OUTPUTS' 

AXIS 
TO UN 
FORM AN ORTHONORMAL TRIAD SET 

Zl AND 12-LENGT~S ALO~G CYLINDER AXIS TO THE HIT PLANES 
ALl AND AL2-SHORT~ST AND LO!IIGES~ LENGTHS Of THE HIT VECTOR 

IUS! El(TENDEOI 
. A'IGHITI MiD ANGt1IT2-A!IIGLES FROM UN TO THE HIT POINT IN THE 

PLANE NORMAL TO N . 
ICHIT-CODF FOR HIT TEST. 

0 fOR HISSIVG THE CYLINDER 
I fOR HITTIII!G 

DIMENSION nHCllllt~HC2131 
REAL N 
COMMON/BABA/STHtCT~tSEOtOMEtOMStNI3ltUE13lo 

I UNIJl tUSI3l tUAtJl tURI31 tTHETAo'IONoiDAYoSMALRoCAPRoCEO 
.COMMON/JOK~R/UPPI31tUS113ltTHSLtPHoTHSRoTHSUoCOUNTtWAVLI201oDRAD 
COMMON /RALL/ DCOLtSCDELTI3ltXPoYP,PAXloPAX2oDI31 

ICHIT=O 
DU5N=DOTERIUSltl\l 
ODO=DOTEO lntDI 
ODN=DOTER IOtNl 
DDUS=DOT~RIDtUSII 
A= 1. 0/ IOUS•J 0 !)USNI-1.0 
B=2.0oOD!11/IDUSN~DUSNI-2.0°DDUS/DUSN 
C=ODN°0DN/IDUSN°DUSNI-2.0°0DN°DDUS/DUSN•ODO-RCYL*RCYL 
02=9°1'1 
FAC=4~0°A°C 
ARG=82-fAC 
lf(ARG.LT·O~OI RETURN 
!CHIT=! 

C HIT CYLINDER• SOLVE FOQ HEIGHT 
S!:l2=SORTIARGI 
Zl=l-!:l-S~2l/12,0°Al 
Z2=1-a•S~21/12.0°AI 

C SOLVE FOR LE~GHT OF HIT VECTORS 
ALI=IDnN•Zli/OUSN 
AL2=100N•l~I/DU~N • 

C SET UP VECTOR JN Hir PLA~E NORMAL 
C TO AX!<; 

D(l 10 I=l t1 
P.HCI1ll=ALI 0 US!(I1-ll 0 NIII-Dill 

10 RHr.21ll=~L? 0USJ(II-Z2°NIII-DIII 
C SOLVE FOR HIT ANGLFS 

Xl=OOTFRIR~CltU~I 

PtPE 
PIPE 
PIPE 
PIPE 
PIPE 
PIPE 
PtPE 
PIPE 
PIPE. 
PIPE 
PIPE 
PtPE 
PIPE 
PIPE 
PIPE 
PIPE 
PJPE 
PIPE 
PIPE 
PIPE 
PIPE 
PIPE 
PtPE 
PIPE 
PIPE 
PIPE 
PIPE 
PIPE 
PIPE' 
PIPE 
PIPE 
PIPE 
PtPE · 
PJPE 
PIPE 
PrPE 
PIPE 
PIPE 
PtPE 
PIPE 
PIPE 
PIPE 
PtPE 
PIPE 
PIPE 
PIPE 
PIPE 
PIPE 
PIPE 
PIPE 
PIPE 
PJPE 
PIPE 
PIPE. 
PTPE 
PIPE 
PIPE 
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31 
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33 
34 
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41 
42 
43 
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75 

oPt=l 

X2=DOTER<RHC2•UEI 
Yl=DOTEP.r~C1•UNI 
Y?=DOTEP.rR~C2tU~I 
IF<A~SrXti.GT.O.OOOl) GO TO 100 
A~GHITl =:l• 0 
IFIY1.LT.O~OI ANGHI~I=l.14l59 
GO TO 2[0 

100 AN~HIT}:AT~N2fXloYlt 
ZOO IF<ABSI~~I.GT.O.OOOll GO TC 300 

ANt;HIT?=Il• 1 
IFrY2.LT .0.01 ANGHir2=3.141159 
GO TO 400 

300 ANGHIT2=AT~N2(~2oY21 
400 IF ( A"'GHlT 1 ~L T • 0. I ANGHITl=ANGHITl •2.0*:! .14159 

IF<ANGH!T2.LT.D.OI A~HlT2=ANGHIT2•2.0•3.14159 
TESTl=OOT(Q (RHCl•"'l 
TEST2=DOT[QIR~C2oN) 
IFIABSITF.ST1l.GT.O.DOI.OR.ARSCTESTZI.GT.0.0011 WRITEf6o2~1 

20 FO~MAT(//o)0Xt48HHI! ~ECTOR FROM CENJEq OF CYLINDER IS NOT 
1 7HTO UIS•/1 

RETURN 
END 

(Jj/?..:1177 ~1.st.t6 PAGE .. 
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Py~;,E 68 
PtPE 69 
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OPI=l 

SU~ROUTI~E LIMDRIY~N.L[MC•ROER~I 
coo THIS SUBQOJTINE GENE~ATES THE INTENSITY DISTRIBUTION 
C ACRnSS THE SUR~· ACE OF" H·E SUN. IT l-IAS 3 0 IF"F"ERENT SUN 
C LIMc=l FLAT SU~ 
C LIMC=2 SUN WIT~ LI~E DARKENING AND SOLAR RADIATION 
C Ll~=3 SuN WITH LI"lF.. DARKENING 

GO TO 121•22o23l•LI~C 
21 ROEPN=.2665°SQRTIY~~~ 

RETURN 
22' Y=YP.~o16.9~ 

I=IHTIY/7.51 • 1 
GO TO 13lo32o331•I 

31 R0f.RN=0.06408ocyoo.487BI 
RETURN 

32 R0ERN=0.0109Sboy•0.092413 
RETURN 

33 IfP'.GTo}6.71 GO TO 34 
~O~RN=0.353-0.038345o(SQRTI-193.2-Y0 Y+28.28*Y)) 
RETURN 

34 RO~RN=0.34A6oY-5.50D7 

23 

41 

RETURN 
Y=Y~N°15.94 
IF"IT'.GT.7.) GO TO 41 
ROE~N=0.0640S0 1Yoo.487B) 

RETURN 
ROERN=.010956°Y•0.()'92413 
RETURN 
ENO 

OF" EI)IERGY 
MODES 

LJMOR 
LJMDR 
LJMDR 
L[MDR 
LJMDR 
LJMDR 
LtMDR 
LJMDP. 
LIMDR 
LTMDR 
LIMDR 
·L yMOR 
LtMDR 
LTMDR 
LJMDR 
LJ.MDR 
LIMOR 
LtMDQ 
LtMDP. 
LTMO.P. 
LtMDP. 
LJMDR 
LtMDR 
LtMDR. 
LTMDR 
LTMDR 
LJMD~ 

·L yMOR 

2 
3 
4 
5 
6 
7 
a· 
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10 
11 
12 
13 
14 
15. 
16 
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SU'!ROUTINE VECT<; 74/74. OPT=l 

SU"!ROUTI'IE VECTS 
C•• THIS ROUTI~E CALCULAT[S TH~ SUNS VECTOR UR FOR A GIVEN MONTHo .. OAY 
C AND TfuE OF THE YEAR. 

REAL N • 
COMMON /JEFF/ UMNSDI oRRS(JI oNSTOPSoAo8oC.oSMAXokFIELO•TH~ICMHt' 

1 IC~H,IFColHlTolCSH2oNCOLolHCURoMl~~ELZtTtTOISXtTOISY~: 
2 DU~A, DUMB, C)lt>1C oU"NMl I 3 I oUI'INIIo2 I 3 I oU>1N I 31 t IOHI TtNLAT·, 
3 "'LONGtiLONGt'ILHC:oRCOtNPACKt'£NHM . . 

C0'4"40N /"!ALL/ OcClLt~CDEL;·c~-1 oXPoYPo~XltPAX2tOC31 

CDMMON/BASA/STHoCTH•SE~t~MEtOMStNI31•UE131t 
1 UN I 3 I ti.JS I 3 I • tJA I 31 • UR 131-t THETA• '4Cll'lt lOA Y oSMALRoCAPA•CEQ 
OIMENSIO'I U13l, ITOTDCJ2) . 
EOUIVALE'ICE IUI11oU£111~ 
DATA ITOTD/Oo31oS9t90t120tl51tl81•21~•243t27J;J04t334/ 
ARG=OMS•IfLOATIITOTDIMONI•IDAY-11•8.~561 

C SUBT~ACT O~S•LONGITU)E/360. FROM ARG f)R LONGo CORRECTION 
C THIS WILL C"A•:GE THt: SU'IS l>QSITIO"' BY N) MORE THAN 0.2 DEGREES 

ARGW = 0'4E• IT - 12.01 • ARG- •0145*0.5 • 3.141592 
C Tli£ PHASE A_"'(;US EN ARSW I"'SIJRE SOLAR NOON TIME 

SW = SINIA~GWI 
CW- = COS I A'IGW I 
N111=STH•S~O•CTH°CEQ~CW 
"1121=-cr ... ·~w 
NIJI=STH•CEO-CTH°C.•5EQ 
UE111=-Sw°CEQ 
UEIZI=-COI. 
UECJIIISW•SfO 
UNCll = INI21°UIJI - NIJ)•U·:2ll 
UNIZI: -lllllli•IJIJI- Ul1: 0 1t(J)) 
UNCJI = CNI11°UI21 - UCJI•H•"21 I 
00 10 I =I •3 

11 UNIII = -U'llll 
ARG=ARG•ON~•IT/24.1 
USI11:o-COSIARGI 
USI21= StN.IARG> 
USIJI=O. 
OE"'OM=O. 
DO 20 1=1•3 
URIII=5MALR•N(JI-CAP~USCEI 

20 OEWOM=OEN0'4•UA(II 0 •2 
00 JO 1=1•3 

30 URIII=URIII/SQRTIOE~MI 
'A=-OOTFR IU'IItURI 
R=-DOTERIUEtURI 
C=-DOTERINoURI 
0Ul42=0. 
DO 1981 1=1•3 
U>1NN11li=N!II•C•tJRIII 

1981 OUM2=0UM2•UMNNJII1°U'4W"'1111 
OUr-:2=SilRTIDUM21 
DO 191ll T=-ltJ 

1982 UMNNllli=U .. NNliii/DUM2 
~ALL CRO~SIUMNN1ouR,UM'IIN21 
RETURN 
[NO 

OJ/21177 21.51.16 

VF.:CTS 
VF.CT'\­
VF;CT<;. 
VF.:CTS 
VF.CT5 
v.,-crs 
VF.CTS 
veers 
VF.qs 
vrcrs 
vrcrs 
vrers 
VF.CTS 
VECTS 
VrCTS 
VF:eTs 
VF.CTS 
1/F:CTS 
VFCTS 
v~=:ers 
VF.CTS 
VF'CTS 
VECTS 
VfeTS 
VF.eTs 
VF.:CTS 
vrcrs 
vrcrs 
VF.eTS 
vreTS 
1/F'eTS 
VF.eTs 
VF:CTS 
YF.CTS 
YF:CTS 
veers 
veers_ 
VEeTs 
VF:CTS 
vr.CTS 
VECTS 
VECTS 
veers 
V."CTS 
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FUNCTION DOTER 74174 OPT=1 FTN 4,5~4l"OA ()3~;?li77 21.51.16 PAGE 1 

FUNCTION DOTER (At9l DO'TER 2 
DI~ENSIO'II ,. <3> .a <3> DoT-ER 3 
DOTER=O, Dotf:q· :4 

DO 10 !=1•3 DOTER s· 
5 10 DOTER=DO~EA•A(ll 0 8(ll Df)TER 6 

RC:TURN ... DotER 7 
END· DoTER . 8 

~ 
0 t:d 
-.J 
0 susqoutiNE CHECKR 14t14 OPt=l FtN 4o5+410A 03/21177 2lo5Jol6 PAGE 1 I 

C11 
too) too) 

I -- SURROUTI~E CHECKR (AoBoC9ICODl CHECKR 2 
I 

t\:) c TEST ORTHO~O~MnLITY OF TRIAD A8C ICOO=O IF OK =1 OTHERwiSE CHECKR 3 
DruENSIO"' A ( 3) o B < 3> • c 13). A09(6) C~..~ECKR 4 
ADHCll=D~T~RIAo~l CHECtt;R 5 

5 ADI3 I 2> =D·>TER ( A,Cl CHECKR 6 
AD~C3l=D~TFRcC,Bl CHECKR 7 
A0g(41=00TF.RCA·Al CHECK~ 8 
AD~<SI~DoTERCBoll CHECKR 9 
AD~<61~DOTfRCCoCI CHECKR 10 

10 DO 1 0 !=2•6 C1-4ECKR 11 
'IFCABSCADHCIII,GT.0.00001 .ANO.I.LE.3l GO TO 20 C>-iE.CKR 12 

TEST = ARS<ADB<Il - 1 • 0) CHI::Ctc:~ 13 
IF <TEST .GT. 00001 ,AND. I .GE. 4) GO TO 20 C>-iECK~ 14 

10 CONTINUE CHI::CKR 15 
15 ICOD=O CHECKR 16 

RETURt-. CHECKR 17 
20 I CoD=~ CHECKR 18 

WRITE,6o2ll CADB<ll ,I=lt6l CHECKR 19 
21 FO~MAT(//t lOX 9H3AO TRIAD ,/,SXt6flO.Sl CHECKR 20 

20 RETURr.\ CHECK'? 21 
END CHECKR 22 



SUBROUTINE-

1 
c 
c 
c 

5 c 
c 
c 

10 

RNORM 1 

15 

SUt!QOUtlNE 

R'IIORM 74174 OPT=l fTN 4.5•410A 

SURROLTI~E RNORMIDloDZl ..... THIS SUHQOUTINE GE~RATE5 PAIRS Of INDEPENDENT ...... ...... PllORMAL R~NI)O"'- OEIIlA.TES !~EAN=-Ot·STAIIIOARO OEVIATION=ll. 
Dl A'IIO 02 4RE NORM~LY DISTRIBUTED ON r,HE ...... ...... ...... 

10 

INTERV4L 1-INfo•INFl. 
IT ASSUMES A fUNCTIO'II RANf!Xl ~~~C~ "ETURNS A 
RANOOI1 NuMP.ER UNIP"O.~"'LY [)ISTRIBUTfO CN !Ool). 
X=RANfCO.Ol 
Y=2.0°QA~fCO.Ol-l.O 
XX:X<>'-. 
yy:yo~ 

s=xx·~·t 

'1'3 
IfCS-1.0) 20o20o10 

20 XL=SQRTC-2,0oALOGl~ANF(0,9lll/S 
Ol=CXX-YY'l<>XL 
02= 2. <>-X o-"( o XL 
RETURN 
END 

1-'IRROR ?4/T4 OPT=-l 

SUEIWOUTI 'JE MIR~Qw O:A_PHAoR'J 
R=o.qo 
RETURN 
EN11 

FTN 4.5~4IOA 

03/2~/77 21.51.16 

RNORM 2 
·RNORM 3 
R'IIORM 4 
RIIIORM 5 
RNORM 6 
R~lORM 7 
R•JORM 8 
RNORM 9 
RNORM 10 

.RNORM ) 1 
RNORM 12 

/=RANF (().OJ 

RNORM 
RNORM 
RNORM 
RNOQM 
RNOR'4 
R'-!0R14 

14 
15 
16 
17 
18 
19 

03121177 21.51.16 

MJRROR 2 
MtRROR J 
MrRQOR 4 
MIRROR 5 
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SUB!:OUTJNE Ii..ITEt-.l' OPT=l 

1 

5 

10 

15 

20 

25. 

SU3ROUTINE INlENI~ONoiCAYoBETAoDNil 
coo THIS ROUTI~E CALCULATES lHE DIRECT NORMAL INTENSITY FOR THE 
C THE GIVEN ~O~THo DAY• AND 1I~E. 

c 

DIMENSIO~ NDMI 13l oAillo.) oBil4.l tCil4l 
DATA NCM/3lo3lo2Bo3lo3Co3lo30o3lo3lo30o3lt30o3l/ 
OA~A A,3;l~t390,o3~5.o37&.,3b0,,3S0,,345,t344ot35lot365,,378,t387, 

lo)'ilot~9r)o/ 

DATA B~ol42tol42o,l44t.l56to180tol96to205to207to201tol77to160to149 
lo.l42o,l42/ 
D~TA C~,n57o,058o.ObOo.07lo.097oo121to134to136oo122to092oo073oo063 

l••057o,0581 
CLF.:AR=J,oO 
J='10N•: 
DAF.:=FLOATIIDAYl-2lo 
IFIIDAw,LT.21 l GO TO 
GO TO 2 
J=J-1 
n~E~FLOATIIDAY+~DMIJll-2), 

2 AINT=I~IJ•ll-AIJll/IFLJATINDMIJlll 00AE•AIJl 

BINT=IBIJ•ll-91Jll/IFLJATINDMIJI))oOAE•BIJl 
c:NT=ICIJ•ll-CIJll/IFLJATINDMIJill 0 0AE•CIJl 
CALCUL~TE DIRECT NOR'1A~ INTENSITY 
DNI=IA[NT/E~PIBINT/SINIBETA)))OCLEAR 
P.ETURN 
Er~D 

PAGE l 

INlEN 2 
INTEN 3 
Ir~TEN 4 
IN TEN 5 
l>JTEIII 6 
I "'TEN 7 
IN TEN 8 
It-.lTEN 9 
It-.lTEN 10 
IN TEN 11 
I~HEN 12 
I NT EN 13 t:d IN TEN 14 I 
IN TEN 15 , CJ1 
I tJTEN 1& CJ1 

I tJT EN 17 
I tJTEN 18 
I~TEN 19 
I ~J T Elll 20 
It.JTEtJ 21 
I ~JTEN 22 
It.JTEN 23 
I•JT EN 24 
IN TEN 25 
IN TEN 2& 
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SUBP.OUT HlE TSH.AD OPT:::l 03/ZI/77 21.51.16 

SU9ROUTI~E TSHAOI~3ASEoWTOPtiCJDI 
REAL N 
CO~MON/OAR~LE/OOTOPoODBASE 
COMt-~ON:tc:. VI TY /S£Po DOl ,ooz·, ROI,~ t 'iOif tHCAW t HSWTC I 21 .tRSWTC I 21 • 

I CILAT 12' tCAVLAT 12t21 I oAIM!1GT 
CO~MON /~A~L/ OCOLtSCUELTI3loXPtYPoPAX1oPAX2o0131 

COMM0Ni3A~A/STHoCT~tSEOoOM~tOM5oNI31tUEI3lo 
1 UNC )I tVS t3l oUA,CJI oUR !31, THETAt"10111t IDt,Y,SMALRoCAPRoCEQ 

COMMON l JEFF I UMIIIS (J I, RRS <3 l oNSTOPS o A • B; C: o SMAX o~F I ELD• THo I Ollit 
J IC~HoiFCiliiToiCSH2oNC~L•lHOURoMENoELZtToTOISXoTOISYo 
2 OU~Ao0UN~tJUMCoUMN~lC3JtUMN~2tli•UMNili•IOHIT•NLATo 
3 ~l1NGoiLONGo~LATCt~COt~PACKoENHM 

C T'"!IS ROur:•.IE fiNDS rr THE RAW HilS THE TO•~ BASEVI31 WECTJR fORM 
C PAY UR TO T1E TOWER 6A5E 
C WTOP: WIOT~ Of TOWER TOP 
C W8ASE= ~ WIDTH Of TOw~R BOTTOM 
C ICOO HII CODE 0= MISS 1= HIT 

OIMENSI~~ BASEV!31oUR1131t~E51ll 
DO 5 I=Lo3 

5 BA~EVI[I:-xPoUE!li•YP~UNII~ 
IIITOP=Of)T()P 
-.aASE=OO~A5E 
ICOD=O 

C THE TOWER CA•J NO LONGIER BE SHIFT[:) fROM THE CENTER OF THE FIELD 
TEST=-OOTE~IBASEVoUR) 
If ITEST.L'!'oOI RETlJR"' 
OUPUIII=-D~T~R!URoUNI 
OlJ~UE=-CnTE'R!URoUEI 

OE~JOM= t.Ms.QRT IDUR£OUURUE•JURUPJ0 0URUNI 
C NOR~AL TO THi TlSf PLA~~ UR1 

DO 10 I= 1 .3 
10 URJIII=I~URUE 0 UEIII•OUQUN°UWIJIJ 00ENOH 

AL=-OOTEo I 'lt.SEV oUIU 1/00TER IUR tU~1; 
DO 20 I"=i•J • 

20 RES!II=-LL~UR(ll-BASEV!II 
C TEST. If ~~S IS NORMAL TO UH1 

TEST=OoT:RcRESoU~ll 
If lABS I ~ESf!.GT .0.001 I WRITE 16•1301 TESr 

130 f0QMATI/olOXol3~ooo•E~RORoooo,S~o2JHRES N~ NORMAL TO UR1•5X,5HTES 
?.T=,El0.3t 

C PULL TEST AFTER DEBUG 
HX:OOTERtRESoUEI 
HY=OOTERIRF.SoUNI 
HOZ=SQRT!HX•HX•HY*~Y) ) 
VERT=UoTrycRESoNI 
WD=WBASE•IW~OP-w3ASEl 0 VERTI'TH 
wo·2=WDtz.o 
If IVERT,uT.TH•SEP•HCAVI RETURN 
If!VERT.GT.THI W02=!DU1•1002~0Dlt°C(VERT-T~I/SEPII/2, 
Ifi~ERT.~r.TH•~EPI WU~=RSWTCC2l 
IF" IAdSh·Oll.LT.w021 IC00=1 
RETURN 
END 

TSHAO 
Tc;HAD 
Tc;HAO 
T<;HAO 
TSHAO· 
TsHAO, 
Tc;HAD· 
TsHAO 
TSHAO 
T<;HAO 
Tc;HAO 
T~HAO. 

Tc;HAI) 
TSHAO 
Tc;HAD 
TSHA() 
lSHAO 
TSHAD­
TSHAfl 
T~HAr> 

TSHA() 
T~HAO 

TsHAO 
TSHAr> 
TSHAO 
TSHAD 
TSHAO 
Tc;HAO 
TSHA() 
TSHAO 
TSHAO 
TSHAO 
TSHAO 
Tc;HA() 
Tc;HA() 
TSHA() 
TSHAD 
TSHAD 
T~HAO 

Tc;HAO 
TSHAO 
TSHAO 
T<;HAO 
T.5HAO 
T.sHAO 

. TSHAO 
T<;ttAO 
TSHAD 
T.c;HAO 
Tc;HAO 
Tc;HAO 
T<;HAO 
Tc;HAO 
TsHAI) 
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SUB ROUT ltiE WALLMP OPT=l 

SUA ROUT I'!( WALLMP C fLUX o NAZ • NHT, HCA\11 
C0~MON/CEILING/NAZZo~RZoOTAZC2lltO~ZC101oD03tiZRoiZAZ 
DIMENSION fLUXC21o361tOAZCSOioHCELC501oiFRSC51tiSND151 

. OI~ENS!ON AVERC501oSfTOPC501oSFBOTC50t 
C BETH W!~LtAMS AND ~ M HAMME~ AUG. 16 197S 
C · fiRST SUBSCRI~t HIGHT 
C ~ECOND SUP-SCRIPT IS tZZIMOUTH 
C THIS IS THE CAVITY WALL fLUX HAP PRINTOUT ROUTINE 

II=! 
I2=NAZ 
SFTOPCll=il,O 
SFAOTCli=D.O 
NAZP=NAZ•l 
NHTP=NHT•l 
DO 10 I=ltNAZP 

10 DAZCII=J~O.OofLOATI!-11/fLOATC~AZI 
00 20 I=lo~HTP -

20 HCEL C I I =•tCt.VofLOAT I :-ll/FLOAT CNHTI 
IFRSCII=J 
ISNO C I I =>JAZ 
NPTS=NAZ/IO•i 
If CNPTS,EO,! I GO TO 45 
DO 25 !=!oNPTS 

"!FRSC!l=iO<>CI-11•1 
ISNDCII=iO<>I 

. 25 If C!SNDCI!.GT,NAZI ISNOCII=NAZ 
45 DO 300 !PT5=!oNPTS 

Il=IFRSC JPTSI 
I C: =I SND C I P T S I 
WRITE C6,~01 CDAZC!Ioi=IItl21 

SO FORMATe ///o5Xt6~CAVITYo2Xo4HWALLt2Xt3HMAPt///ol6Xo4HfROM, 
1 IOflO.ll . . 
Ili=Il•l 
112=12•1 
wRITEC6o;~l lDAZCII~I=IIloll21 

55 fOPMAT·CJ8Xo2HTOo!OF!Ooll 
WR(TE (6,61 I 

61 FOQMAT C;/,4Xt3HTO?o/t4Xo4HFR0Mo4Xo2HT0) 
60 f0PMATC//o4Xo4HFRO"'o4Xo2HTOt8Xo8HAVE fLUXo13Xt2HATo6Xo 

1 IJHSUM ~OTTOM U?o7Xo2HATo6Xol2HSUM TOP DOWN) . 
00 100 !HT=!oNHT 
"'i=NHT-!HT•2 
WR !TE C6o 751 HCEL C M1-ll oHCEL CMll, CFLUX C IHT oJI oJ=Ilo I21 

75 fORMAT C?C?Xof6.llo4Xtl0fl0.31 
100 CONTINUE 

WRITE (6.6.?1 
62 FORMAT C4Xo6HBOTTOMI 

300 CONTINUE 
WRITE C6o)2C,l 

325 fORMATC///olOXo 15~CIRCU"'fERENTIAL o2Xo 3HAVE o2X4HWALL 
J o2Xo4"FLUX I 

WRITE C.:,ot-01 
DO 400 I = loNHT 
AVf. = 0,{) 
DO 350 J = loNAZ 

350 AVE = AVE • FLUXCI•JI 
400 AVERCit=AVF./FLOATC~AZl 

03/21/77 2loSlol6 

WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALL,._.P 
WALLMP 
WALLMP 
WALLMP. 
WALLM~ 
WALL>4·P. 
WALUIP. 
WALL~IP 

WALLMP 
WALLMP 
WALLMP 
W~LLMP 

WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALL•IP 
WALLMP 
WALLMP 
WALLMP 
WALLMD 
WALLMP 
WALLMP 
WALL~IP 

WhLLMP 
WALUIP 
W~LLMP · 
WALLI~P 

WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALLMP­
WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALLMP 
WALL'1P 
WALLMD 
WALLMP 
WALLMD 
IHLLMD 
WALLMP 
WALLI~P 

WALLI~P 
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10 
ll 
12 
13 
14 
IS 
16 
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113 
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SUBROUTINE WALLMP 74/74 

AREA=.09?9oDOJoHCEL(2t•3.14)59 
00 150 I:l.~HT 
SfBOTIJ•li=•VERCJJOA~EA•SFBOTCJJ 

150 SFTOPII•[I=•VEQCNHTP-l1°ARE~•SFTOPCI1 
00 450 I=lorJHT 
J=!llHTP-I 

450 w,Q rTE c·t.,l'61 HCIE:U I I .HCEL I I •l!J •AVER CIt •HCELCJ•li•SF'TOP I IJ, 
1 HCELilloSFBOTCil . 

76 FORMATC2:2Xof6.1lt4~ofl0.3tl0XtF6.l~·x•FlO;J,8Xt 
1 • 6o1•4X.FU.3J . 
WRJTEI6t771 HCELilJoSFfOPCNHTPJtHCELINHTPI•SF'BOTCNHTPJ 

77 FORMATI40Xof6olt4Xtrl0.3t8XtF'6.lt4X•fl0.3J 
RETURN . 
END 

'Jl/21177 21.51.16 PAGE 2 

WALLMP 59 
WA.LU1P 60 
WALLMP 61 
WaLLMP 62 
WALLMP 63 
WALLMP 64 
WALLMP 65 
WALLMP 66 
WALLMP 67 
WALL~P 68 t7j 
WALLMP 69 I 

WALLMP 70 C11 

W4LLMP 71 
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Oi>T=1 

SU"'ROUTI 'IE POLMA P I COUNT • CONY • NQA YS • I COD • NO 1 ) 
C IIANG,IQAOl, A~E COORDI~ATES OF THE ZO~E IN WHICH THE MIRROR LIE~. 
C THI~ ROUTINE R~WRITTEN J/~176. 
C AFIELD OIITI::R FIELD RAUIUS IN FEET 
C RCO INNEg FIELD R4DIUS IN FEET 
C ALL ZONES HAVE EOUAL AHEA 

c 
c 

410 
420 

c 

c 

DIMENSION ikRAYilOolOl•ERRAYilO•lOl•SHRAYilO•lOl• 
I BL~AYilO•lOI•SHHT~IlU•lOI 
OI~ENSIO~ FTARI!OolOI•SHADPilOolOloBLPilOolOl•TLOSPilO•lOl 
COMMON /JEFF/ UMNSIJI•RRSIJloNSTOPStA•B•C•SHAX•RFIELD•TH,JCHH• 

I ICSHoiFC~I~IToiCSH2oNCOL•IHOURoHIN•ELZ•T•TOISXoTOISY, 
2 I)U~A,OUMdo)U'4C,U14NN1 131oUMNN.21Jl oUHNIJI,IOHIT•NLAT, 
3. NLONGoiLON~oNLATCoRCO•NPACKoENHH 
C0MHON/MAPS/NRZF•~AZZF•NCI250•BioSRADI250o8loNPRAOI81•0EG 
COMHON/TABLE/UHV I) I oUAX.V I 31 oUXV2 I 31 oRSTIJI oWFVoNHF oX Of oW02•WFV2• 

1 RH5131oDELlltOELY•WDoiFVoRRBIJioUAXVPIJI•UXV2PPI31• 
2 UTTIJioUNN~~31oUXV2PIJI 
3 oUHNP I 31 oi.JMNPP I .ll oF oALEN•UBEON I 3l, IFOC, IORIVE "' 

COMMON ICI•JOEX/ XPCOLoYPCOLoCOSAoCOSBoSLOUMo•CELLoiCELLoJCELL• 
I XCSAVoYCSAVtXC14oYCMtiCELMtJCELM 
CO~MON/MOONMP/JWH!SoJCORB•JMISHioJMISLOtJFRONT 

OI14ENSION IWHISillolOI•ICO~BilOolOloiHISHIIlOolOloiHJSLOilO•lOl• 
o IFRONT.CIO.IOI 

IFIICOO.r.T.ll GO '0 420 
INITIALIZE 
SET ARRAY TO 0 
00 41 0 I= I , .1 0 
DO 410 J=l.IO 
IF<RAY It tJI =0 
ERRAY I I oJI =0, 
SHRAYIItJI:O,O 
BLRAYIItJI=O,O 
SHHTHIJoJI=O,O 
ICoRBIItJI=O 
IWHISI!tJI=O· 
!FRONT I I 9 JI =0 
IM(SLOII.JI=O 
IMISHIII.JI=O 
CONTINUE 
IF IICOD.GT.21 GO TO 617 
LOCATE THE POINT I~ A ZONE 
I A~JG= I CELH 
!RAD=JCE.LH 
SUM HITS AN6 ENERGY 
IFINDI ,fQ, 7 .OR. NDl .EO. 8l IRRAYIIANGoiRAOicJRRAYIIANGoiAADI•l 
!FINO! .EO. 7 ,OR. NO! .EO. 8) ERRA~IIANG•IRAOI=ERRAYIIANGoiAAOI• 

1 COUNT 
SHRAYIIANG•IRAOI=SHRAYIIANGtiRAOI•COUNToFLOATIICSHI 
BLRAYI[ANG.IRADI=3LRAYIIANGoiRAOI+COUNToFLOATIIOHITI 
SHHTH I I ANG.I R·Ao) =S'"iHTH I I ANG, I RAOI +cOUNT·°FLOA T I I CSH2l 
ICORBI[ANG•IRADI=ICO~BIIANGtiRAOI•JCORR 
IWHISIIANGoiRAOI=IwHISIIANGoiRADI•JWHIS 
IFRONTI!ANG•IRAOI=IFRONTIIANGtiRAOI•JFR6NT 
IMJSHIII•Nf.tiRADI=IMISHIIIANGtiRAOI•JMISHI 
IMISLOIIANf.oiRADI=IHISLOIIANGtiRADI•JMISLO 
IF!ICOn.LT • .ll GO TO 1000 

617 FCONV=CONV/fLDAfiNRAYSI 

POL HAP 
POLM4P 
POL HAP 
POLHAP 
POLI!IAP 
POLI!IAP 
POL MAP 
POL MAP 
POL HAP 
POL MAP 
POLHAP. 
POLHAP 
POL MAP 
POLHAP 
POL HAP 
POL MAP 
POL MAP 
POL MAP 
POLI!IAP 
POL HAP 
POL MAP 
POL MAP 
POLMAP 
POL MAP 
POL MAP 
PnLMAP 
PQLMAP 
POL MAP 
POL MAP 
POL MAP 
POL MAP 
POL MAP 
POLMAP · 
POLMAP 
POL MAP 
POLMAP 
POL MAP 
POLMAP 
POL MAP 
POL MAP 
POLMAP 
Pol HAP 
POL MAP 
POLMAP 
POLMAP 
POL MAP 
POL MAP 
POL HAP 
P.OLMAP 
POL MAP 
POL MAP 
POL MAP 
POL MAP 
POL MAP 
POLHAP 
POL MAP 
POL MAP 

2 
3 

.4 
5 
6 
7 
8 
9 

10 
11 
12. 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
J6. 
37 
38 
39 
40· 
41 
42 
43 
44 
45 
46 
47 
48 
49 
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SUBROUTINE POL~AP OPT=l 

c 

c 

DO 70 I=lolC 
00 70 J=1ol0 
ERRAYC!tJl=FCONV0ERR~YCitJl 
SHQAYC!oJl=SHRAYIItJ:°FCONV 
BLQAYC!tJl=~LRAYCitJ:°FCO~Y 
SHHTHIItJl=SHHTHCitJi°FCO~Y 

7: CO'IITINUE 
OUTPUT HITS 
WF'tTE 16t205l 
FOPMATC///,25X,23~~~-s 0~ T~E ~ELIO FIELDt/1 
00 ~40 1=1 d.O 
wRITE C6,2<ti':ll IIRRAY·:Jtll •J=ltlOl 
FORMAT 12Xt101101 

C •:JUmPUT ENERGy 
wRITE Ct>,3~l 

3; FORMAT l///o5Xo17HFLUX ON THE ~tELOt/1 
DO 120 1:1.10 

121 WRITE 16,2451 IERRAYIJtii-J=ltlOI 
24~ FORMATC2~t10El0.31 

WRJTEI6t2461 
24.;. FORMATc/,t,/:,lx,22~f'LUX LOSl T) SHAOOWINGo/1. 

DO 247 1:1,10 
24~ WRITEC6t?9BI ISHRAY(JtlloJ=ltl1l 
29a FORMATC5~ol0El2,5l 

WRITEC6t7001 
700 F0RMATC///,5Xt43HFLU~ LOST 10 HELIOST•T TO HELIOSTAT S~AOING,/1 

DO 710 1:1,10 
71•• WRITE C6,2~9l CSHHTHIJtlltJ=1•l0l 

WRITEI-!It<'4'll 
24'lo FORMATC/,/,/.lXt21HFLUX LC•Sl TO BLOC~GEt/1 

00 299 1=1 tlO 
29~ WRITEI6t28'll IBLRAYC-•Ilt~=Dtl~l 
28~ FORMATC5Xtl0~12.51 

WRITEC6t5SOI 
55Q FORMATC///,5(•lOHTDTAL FLLXo/l 

DO 560 I :1, 1) 

DO 560 J=ltll 
FTARCloJl=ER~AYCltJI•SHRA,(IoJ:•BLRAY~ltJl 
SHAOPC[,Jl=SHRAYiltJI/FTA~IItJ: 
BLPCitJl:BLR~YIItJI/FTARCJtJl 

560 TLOSP I It Jl =I ·;HRAY I I .Jl •BLIOAYC I·Jll/FTIIR II tJI 
DO 570 I:l,ll . 

57~ WR!TEI6o?S9l IFTARIJ~Il•J=l•lO: 
WRITEI6t58<Jl 

580 FORMAT C1 //,5.( t28HPERCE"'T FLUX t.OST TO SHAOO'IIStll 
DO 585 I= 1· 1 •) 

585 wRITECn,28'll CSHAOP!Jtllo-=l•l•l 
WRITE 16o<;91ll 

5'1C• F0Rio4ATC/i/,5.(o29HPERCENT F<LllX LOST TO BLOCKAGEo/l 
DO 595 1=1.1•1 

595 WRITECI),?89l IBLi>IJtlloJ=~o!1ll 
WR!TEC6,<;9'll 

59c;. F'0CMATC/f/,5Xo26"iT:JTAl. PEI'iCOIT OF FLU.~ LOSTo/) 
DO 123 1=1•10 

12:;. WRJTEI6o?8'<l ITLOSP( .. hlloJ=lolC·) 
WRITE lb.JIO: 

03/21177 21.51.1~ 

POLHAP 
POLMAP 
PQLHAP 
POL HAP 
POLMAP 
POL MAP 
POLMAP 
POL MAP 
POL MAP 
POLMAP 
POL MAP 
POLMAP 
P(ILMAP 
PoL MAP 
POL MAP 
POL MAP 
PQLMAP 
POL MAP 
POL MAP 
POLMAP 
POL MAP 
POL MAP 
POL MAP 
POL MAP 
POL MAP 
PQLMAP 
POL~AP 

PilL MAP 
POL MAP 
PoL MAP 
POL MAP 
'PoL MAP 
POL MAP 
POL HAP 
PoLMAP 
POL MAP 
POL MAP 
POLMAP 
POLMAP 
POLMAP 
POLMAP 
POL MAP 
POL MAP 
Pr)LMAP 
PnLMAP 
PDLMIIP 
P:>LI>tiiP 
PtlLMAP 
P•JLMIIP 
P•1LMIIP 
PnLMAP 
POL MAP 
PflU1AP 
POL "'AP 
POL "'AP 
Pfll!1AP 
PilL "'AP 

59 
60 
61 
62 
63 
64 
65 
6& 
67 
68 
69 
70 
71 
72 
73 
74 
75 
7& 
77 
78' 
79 
80 
81 
82 
83 
84 
85 
86 
87 
ee 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
lOB 
109 
110 
111 
112 
113 
114 
115 

'PAG£ 2 

tJj 
I 

(j) 

0 
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SUBRO.UT INE OlOL~AP 74114 OPT=l f:"tN 4.S•4lOA 03/;!1111 2lo5lol6 PAG~ 3 

115 310 FORMIIT (///o5Xt22H~A't'.S WHICH MISSED HIGH I POL MAP 116 
00 315 1:1.10 PI)LMAP 117 

315 ·wRITE (6.248) CIMISH~(J•II•J=1•10l POL MAP 11'3 
'WRITE .!6.3201 POL MAP 119 

320 FOQfo'.AT (///t5Xt21HqA't'S ~HICH MISSED LOW I POLMAP 120 

120 00 3<:5 I= 1. •1 0 POL MAP 121 
325 'WRITE (6.248) <IHISLD<J~II•J=1t101 POL MAP 122 

IWR ITE ( b·, 3"3C• l POL MAP 123 
330 FORMAT (///t5Xo30H~A't'S WHICH MISSED ACROSS fRONT! POL MAP 124 

DO 335 I=l.IO POL MAP 125 
125 335 !WRITE (b.248) iiFRONl(JolltJ=1t101 POL MAP 126 

,j::. WRITE (6,3401 P.OLMAP 127 tJj 
0 340 FORMAT !///t5Xo27H~A't'S WHICH WHISTLED THROUGH I POL MAP 128 I 
-.] 

0 DO 345 I=l .10 POLMAP 129 
Q') 

,j::. 345 WRITE (6,246) <I•HISCJoii•J=1•101 POL MAP 130 
.... 

I 130 WRITE (b,35()) POLMAP 131 -- 350 FOPMAT (/l/t5Xt?2H~A't'S WHICH HIT CORBELS) POL MAP 132 
I 

[).:) DO 355 1:1.10 POU1AP 133 
355 WRITE (b,2481 <ICO~BIJtli•J=1•101 POL MAP 134 

1000 RETURN POL MAP 135 

135 END POL MAP 136 
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SUBROUTINE HITFAC 74t74 OPT=l nJ/2~177 2l~Slol6 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

10 

20 
100 

150 
c 

180 
c 

200 
210 

215 

220 

2JO 

250 

SURROUTI'IIE HIT ~AC I 'IF HIT tNFBL OC tN01t ICOD·•NHfl 
TMJS ROUTIME TlTALS THE 
NUMBER OF' HITS A~O BLOC~S 
rJR AND FROM EIC~ ~EL10STAT 
PICET 
N~HJT=JNnEX Of HIT FACET 
W9LOC=I•lDEX Of FACET WHICH BLOCKED ·THE RAY 
NDl=EVENT CODE, ND1=4t RAY IS BLOCKED 3Y FACET ON HIT 

TURNT4BLE. NJ1=5t RAY IS BLOCKED BY ADJACENT TURNTABLE. 
NOl .r.T.St RAY GOT A~AY C~EAN. 

J;:HIT (JF) =cOUN7 OF HilS ON rAC£T llFl • 
I':HITMIIFl =COU!IlT OF' HITS ON FACET IIfl• NOT COUNTING I:ILOCKED RAYS. 
11-H:ILOC!ItJl=CDWNT Of flAYS FR()M. FACET 1 WHICH WERE BLOCKED BY 

FACET J ON >HE SA~E TURNTAI:ILE. 
lfqLOC!I.Jl=COWNT OF RAYS FROM FACET I WHICH WERE BLOCKED BY 

FACET J Or~ IIDJACEIIIT HELIOSTAT, 
NHF=NUMBER Or HELIOSTAT FACETS. 
ICOD=CONTROL CODE. ICODtlti~TIALIZE. ICOD=2tiNCREHENT 
CCIIUNTERS. JCODE=3ti>RI!H RESULTS. . 
o:~ENSION JCHIT!lOltiCHITHilOl.INBLOCClltlOltiFBLOCilOtlOI 
GO TO llOtl00t200ltiCOO 
DO 20 r=ltiO 
!CHIT I II =0 
ICHITM (I l =0 
DO 20 J=ltiO 
IMflLOCIItJJ=O 
IFRLOC II oJ! =0 
IF!NOl.Ea.~l GO TO 180 
IFINDl.Eo.5l GO TO 150 
IF INDl.L T .41 RETURI\I 
NCl IS .r,T. 5 50 IIIICQEMENT ICHIT AND IC~ITH. 
JC"ilT INFHITl =IOiiT CNFHHl •1 
IC"il TM INF'HIT l =I CHI TH INFHITl ·~ 
RETURN . 
CO!'JT INUE 
NOt IS 5 SO INCREMENT ICHIT •No lf8LOC. 
!CHIT I.NFHITl = lC~IT INFHIT l •1 
IrALOCINFHlltNF3LOCl=lFBLOCI~FHITtNF8LOCJ+1 
RETURN 
C.O•-HINUE 
N~l IS 4 SO INC~EMENT JCHIT AND IN8LOC 
IC~ITINFHITl=lC~lTINFHITI+l 
I~LOCINFH[T,NF3LOCl=1NBLOCINF~IT•NFBLOCI+1 
RETURN . 
·wPJTEI6t2lOl IJFACtiFAC=ltNHFl 
FO~MATI////tl0Xt7HSUMMA~Yt2Xo2HOft2Xt3HHITt2Xt3HANDt2Xt8HBLOCKAGEt 

1 2Xt~HC01.1NTSt~Xo2H;:JYt2Xt5HFACETt//1•5Xt5HFACETtSXtSHTOTALt1Xt 
2 9H11l TS LESS tSX, '+HH ITS t 2Xt 7.H9L0CI(f.0·, 2X t 2HBY tit SX t5H1NDEX·t6X t 
3 4HH!T~t'+Xt6HHLOCKStSISXtl5ll 

DO 215 IFAC=lt~HF 

WR~TEI6t?2DI l~AC.!C~ITIIFAC.tlCH1THIIfACltllN8LOCIIFACtJB)t 
I JBst,~HFl . 
FO~MAT I II I~Xt l':t, l 
WR(TEiht?JOI Ill ACt!FAC=ltNHfl _ 
FO~MATC///o5Xt~HO~FBLOCKt2XtnHSUHMARYt//,SXt5HFACETt815XtiSll 

00 250 )rAC=l•N~F 
WR!TE1bt2b01 IFACtiiF8LOCIIFACtJBltJB=1tNHfl 

HtTfAC 
HtTFAC 
Htl.FAC 
HtlfAC 
HtlFAC 
HylFAC 
HtTFAC 
I:ITTFAC 

. HITFAC 
HJTFAC 
H!li'AC 
HtlFAC 
HtlrAC 
HtTFAC 
HtTFAC 
HtlFAC 
HJTFAC 
HITFAC 
HilfAC 
H[TFAC 
HITFAC 
HtlrAC 
HTTFAC 
HJlFAC 
HITFAC 
HtlFAC 
HJTFAC 
HifrAC 
HI TFAC 
HJ TFAC 
MJTFAC 
HTlFAC 
HylFAC 
Hyli'AC 
HJTFAC 
HITFAC 
·HITFAC 
'HJlFAC 
+itlf.AC 

.IHJTFAC 
HJli'AC 
H!TFAC 
H!TFAC 
HTTF'<C 
H[TI'AC 
HJlFAC 
HJlFAC 
oiJTFAC 
>i(IFAC 
'~IlFAC 
HITFAC 
HJTFAC 
HtlFAC 
H!TFAC 
Htli'AC 
H(TI'AC 
Hifi'AC 

2 
3 
4 
5 
6' 
i 
8 
Q 

10 
11 
12 
13 
14 
15 
16 
17 
18 
l9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
ItO 
4) 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
5to 
55 
56 
57 
58 

'1 

• 



60 

SU9P.OUTINE HITFAC 74174 OPT=1 

260 FORHATC10C5XoiSll 
RETLIQN 
ENil 

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM 

FTN 4.S•410A 03/21/77 21.51.16 

HtTFAC 
HtTFAC 
HyTFAC. 

59 
60 
61 

21 AN IF STATEMENT MAY BE MORE EFFICIENT THAN A Z OR 3 BRANCH COMPUTED GO TO STATEMENT. 

PAGE z 
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SUBROUTI~E ROOF'IlC~DoCONVt 
CDMMDNlCOLIIlG/NAZ.C t~RZoOTAZ I 21 t tDRZ 11 o·1 o003t IZRt IZAZ 
COMfol0NlJOKFR/URPI31oUS113•tTHSLtPHoTHSRtTtfSUoCOUNTtWAVLI201•0RAO 
DIMENSJO~ TOPMAPC2lo101~ DRZAVIIOI 

c· 003 OAMETE~ OF' I~ FEET 
C TOP~PiloJI FLU~ M~P 
C IZAZ iNO~X OF ~ZIMCUTH ZO~E 
C IZ~ IN~E~ OF' RAO~AL ZONE 
C AZ I Hl)UTH 70NE I NOE~ F"I HS T 
C ~LL ZONES HAVE EQ~AL AREA 
C DT AZ II I 70NE BOU!IIO~RY VEC'"OIH AZZ:· 
C QRZtll Z~NE BOUNOA~Y VECTORIRAOl~LI 

· C NAZZ NVM3ER OF' AZI~ouT~ ZGNES 
C NRZ NU~BER OF RAOI~ ZONES 
C iAC CO~E FOR HIT • IT MUS! BE 3 

c 

GO TO C5o50ol001•100~ 
5 OELfA = 2o0°3o14159/FLOAT<NAZZI 

NAZZPl = NAZZ•I 
NRZP1 = ~RZ•l 
DO lO I = 1o~AZZ~1 

10 DTA!Ill = DELTA"F'LDATII-11 
C INITIALIZE 

NZOWS = !IIAZZ 0 N~Z 
AZOWE = Oo2Sa IDD3"""211F'LO~.T INRZ) 
DRZill = 0.0 

C NOTE AZONE NEEDS A ~ A90VE 
00 ZC I = 2;NRZP1 
ORZAYII-11 = SQRH D.50•AZONE • C·RZII-J:·•etzl 

ZO ORZ:JI = SORTIAZO~E•ORZII-11""2) 
AZO~E : 3ol4159oA~O~E"0o0~29/F'LO~TIWAZZ: 

C AZONE NO~ H~S ITS ~I VALUE IN Ma•z· 
00 JO I = 1oNAZZ 
DO JD J = ltNRZ 

30 TDPMAPIIoJI = 0.0 
RETU~N 

SO COIIIHNU:~ 
C lNCRE~EIIIr MAP CELL 

TOPM~PIIZAZtiZRI ·= TOP'4API.lZAZoiZRI•COUHT 
RETlt~N 

100 CO~IliNUE 
C CONVERT TO. UNITS AUO PRINT OUT 

DO JIO 1=1oNAZZ 
DO JIO J=1oN~Z 

111l TOPP·t~PIIoJI = TOPIIAPIIoJI"CONY/AZOIIE 
NRZ"I = 'IRZ 
WRI1EI6o1201 IORZ:I•ol=1oNRZM11 

120 FORMAT l///t5~o&HCAYITYt2~7HCEIL111Go2X•3H~APt///o21Xt4HF'ROMo10F10 
1.21 

iiR 11':: 16·• 121 I IDRZ: I- • I=2o~ZP1J 
121 FO~~~T 123Xo2~TOo:Or10.21 

WRI1€1~el2?1 IO~Z•V:llt I = 1oNRZI 
122 FG~~.H I~?Jio 3:-iAVE ... OFIO.?l 

WRilE 16,1251 
125 F'O~~lT l//o4~t4HF'~O~o4Xo2Hf0t6XoJ~l~EI 

DO ~~0 14Z = loNAiZ 
AF~LH = OTAZIIAZI•S7.296 

ROOF 
ROOF' 
ROOF' 
ROOF' 
ROOF' 
ROOF' 
ROOF' 
ROOF' 
RoOF' 
ROOF' 
ROOF 
RoOF 
RoOF 
ROOF' 
ROOF' 
ROOF' 
Rr>OF' 
RoOF 
ROOF' 
ROOF· 
ROOF 
ROOF' 
ROOF 
RDOF' 
ROOF' 
Rr>OF' 
ROOF' 
IIOOF' 
RoOF' 
RoOF' 
RoOF 
ROOF 
ROOF 
ROOF' 
ROOF 
ROOF' 
ROOF' 
ROOF 
ROOF' 
ROOF' 
RnOF' 
ROOF' 
RoOF 
ROOF' 
ROOF' 
RoOF' 
ROOF' 
ROOF 
ROOF 
RnOF 
RoOF 
ROOF 
ROOF' 
RI)OF' 
ROOF 
ROOF' 
ROOF' 

2 
J 

. 4. 
5 
6 
1 
8 
9 

10 
11 
12 
lJ 
)4 
15 
)6 
n 
~!I 
&9 
i?O 
i?l 
22 
23 
-~4 
~5 
:~& 

:27 
28 
29 
30 
31 
32 
33 
34 
35 
l6 
l7 
l8 
l9 
40 
41 
42 
C.J ,,. 
c.s 
46 
47 
48 
li-9 
!:0 
!:I 
52 
53 
54 
55 
56 
57 
!;A 

'pAGE 



'SUi:!ROl)T iNE ROOF 14114 . OPT=l aJ/Zl/71 zr.st.t6 · PAGE 2 

ATO = 'OTAZIIAZ•llo57.~96 ROOF' 59 
AVF", = IAF"ROM•ATOI/2.0 ROOF' 60 

60 WRITE•I6tl30I AFROMtATJ,AVEt!TOPMAPCIAZtli•I=ltNRZI ROOF' 61 
130 F'OPMAT ( 3 I 2 X, F' 6 • II • 1 X t 1 0 f1 0 • 4'1 ROOF' 62 
200 CONTI·'IUE RnOF 63 

WRITE!f,.?lOI RoOF 64 
210 FORMAT II /It lOX, 91:fAZZl"'OUTH.t 2Xt 3HAVEt 2Xt 7HCEILING t2Xt4HFLUXI ROOF 65 

65 WRJTE·I6t}251 ROOF 66 
00 300 I=l•NR2 ROOF 67 

""' 
AVE = 0.0 ROOF' 68 

0 DO 2SJ r'AZ = l,NAZZ ROOF 69 
-J 250 AVE = AV~ • TOPMAPIIAZtll RnOF' 70 
0 70 AVE = AVE/FLOAT!NAZZI ROOF 71 ~ 

I 300 WRITEC6t}301 OR21Ilt '-lRZII+llt DRZ4V II It AVE ROOF 72 ttl ....... RETURN ROOF' 73 I ...... 
I ENO ROOF 74 0) 

N C11 
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SUBQOLitiNE T"'AP oi>r=i 

SU9ROUTINE TM~PCX:oYCo"40~tCOUNToNRAYSoCONVtlCODl 
C THIS ROUTI'IE "l~PS THE YEAIOLY PERF'O'IMANCE 0.'" VARIOUS S .. GMENTs· OF' TH 
C FIELD AR?UNO THE fEAR 

Ol~E~SIO'I [ARYCllo16ltEARYCl1ol6l 
IF' CICoD.GTo1l GO TO ~0 
00 Hll) 1=lol1 
DO 100 .J=1ol6 
IARYCI,.JI=:l 

100 EA~YCio.JJ=O.O 
GO TO 1000 , 

50 TH~TAZ=ATAN2CXCoY~JoS7.3 

IF'CICOO.~T.21 GO ro 66 
IF' CTHETAZ.LToO.OI THE!AZ=l'HETAZ•360. 

C TEST THETAZ FOR t<I:HCH QUADRANTS -
IOUAD=INTCTHEfAZ/90.01+1 
IF' (lH~TAZ.GEo31~ •• oR.TKETAZ.LT.4S.~ IOUAD2=7 
IF' ClHETaZ,GEo45ooANO.THETAZ.LT.L3S.J IQUAQ2=10 
IF lrHETaZ.GEo13S •• AIIIO,THETAZ.LT.Z2Sol IOU.~D2=9 
IF lrHETAZ,GE.22S •• A~O.THETAZ,LTo:HS.l IOU.AD2=8 
lARY(IQUADoMONI=IARYCIOUADtMONJ+l 
JARH 10UA0?.o'40NI =I ARY. I IQUA02oHONI •l 
EARHIQUADoHONI=EA~Y(1QUADoMONJ•COUIIT 
EAP.Y(lOVAD?.oHONJ=EARYIIOUAD2oMON,+CGUNT-
DO 1~0 J:l,12 
IARYCS,.J!=lARTC1•Jl•IARYIZt.Jl 
IARYC 6;J~=IARYI~·Jl•lARYilo.JI 
IARYC11tJI=IARYC11o.Jl•IARYI8o.Jl 
EARYCS,Jt:fARYil•JI•EA~Y{~.Jl 
£A~~~ 6tJI=EARY(2,JJ+£ARYI)oJ) 
EARYI11oJl=EARYC11oJI•EARYI8o.Jl 

120 CO~JT ! NIJE 
DO 1.311 ! = 1 • 11 
IARYC lo131 = IARYI I ·11 • IARY 1'1•21 + IAI'H h 111 +lARY U •l2J 
EARYI I oi ~I =EARY I I ·1 l +EARY 11•21 •EAI'Y(Jo lli+EA;:tY C h12l 
IARY l I tilt I= I"AkY I I ·SJ • I ARYtlt61 • IARY ( h7J +liAR\' II oBI 
'EJlqYC I 9 141 =EA.~Y C I .s·J •EAP.Y Clo6J •EARY I I, 71 +EiAilY U oBI . 
I ARYl I tl51 =IA.~YI I • 3, +IARY CJ.4) +lARY t lt9) +lA-R'Yti olOl 
E·ARY l I olSl =EA~ I 1 .·31 ··EARYCl t4l •EARYtlo9) +.E,.;:tY II ol OJ 

130 CONTINUE 
66 IF 11CoD.LTo3~ GO TO 1~0~ 

OCONV=CO~V/F'LOATI~~AYSJ•O.DVl 
DO 150 I=1•ll 
·Do 150 J=l.15 
EARYIItJ)=0CONVo£,RYClt.Jl 

150 COrHlNIJE 
-DO 160 1:1,11 
00 160 .J=13•t5 

160 EA~Yll·tlf>l = EARY0ol6J + 'EARYihJI 
WRITE 16,2001 

ZOO FORf'IAT C!Hlo////o25Xt36HHIT5 IN EIIST NOR.TH DIVtDED OUADRANTSt/1/t 
1 Jx~SH~OI\ITHt7Xo3HE/N,6Xt4H~E/NtSX•SH-E/-Nt 
2 6XoltHF./-No4Xo7HN FIELOt3X.7HS f'I£LOI 
.()0 300 J:1ol5 

300 WRITE C6o250J . .JoiJARYIIoJJ•I=l•61 
250 FORMAT I 5Xol2t615X•JSJJ 

WRITE l6o2t'OI 
220 FORMAT I //-/t2SXt2dHHI1 S I .. NDRTHEASl NORTHWEST 

T~A!" 
TMAP ." 
TJo4AP 
T04AP 
TlolAii' 
T"'AP 
Tlo4AP 
T'4AP· 
Tlo4AP 
TMAP 
TMAP 
T~AP 

T .. AP 
T"AP 
TMAP 
T'4AP 
THAP 
T"lAP 
THAP 
TMAP 
TMAP 
TMAP 
TMAP 
T .. AP 
TMAP 
T14AP 
T14AP 
TMAP 
T"lAP 
T"lAP 
TMAP 
TlolAP 
T"'AP 
T"lAP 
htAP 
1'14AP 
T"'AP. 
T"'AP 
'I' "'AP 
T"4A"P 
T"AP 
TMAP 
TliiAP 
T!4AP 
T·MAP 
T!4AP 
TMAP 
Tlo4AP 
TIWIAP 
T .. AP 
T"'AP 
TMAP 
TMAP 
T.MAP 
T"lAP 
T"'AP 
THAP 

2 
3 
4 
5 

.6 
7 
8 
9 

lG 
11 
12 
13 
14 
15 
16 
11 
19 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
39 
39 
40 
41 
42 

.43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56-
57 
58 
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65 

70 

75 

80 

85 

SUBF::OUT J NE TMAP OPT=l 

1 17HDIVIDED QUAD~A~TSti//t3XtSHMONTHt5Xt 
2 5'!-INE/NW,5Xt6H-NC:/'~Wt5~.t 

3 7H-NE/-~W,4Xt6HNE/-~W,2Xt 
4 13h-NE/~W+NE/-N~I 

DO 310 J=1.15 
310 WRITE 16.2501 Jo(IARY<loJitl=7,111 

W~ITE 16,2701 
WRITE 16.,2301 

230 fO~MAT <!Hlo////t24Xo39HENERGY JN EAST NORTH DIVIDED QUAORANTSt 
1 l//t3X 0 SHMONTHt6Xt 
? 3HNE .10Xt4H SE .~XoSH SW t 
3 l0Xt4~ NW t8X,7HN fiELDt7Xo7HS FJELDI 

oc· 320 J=lol6 
320 WF:TTE .;6,2!01 Jo<EARYI!tJI•I=1obl 
210 F0RMAT ( 5Xtl2t6(5Xt[9.311 

wt::I TE !6,2401 
240 FOQMAJ ( l//lt24Xo20HENERGY XN NORTHEAST 

I 27HNORTHWEST DIVIDED.QUADRANTSo///o3XtSHMONTHt6Xt 
2 5HNORTH,8Xt6H WEST t8~t 

3 7H SOUTH o7Xt6H EAST oSXt 
4 l3H EAST + WEST I 

00 330 J:1.16 
330 WRITE· (6,2101 Jo(EARY<l•Jiol=7,111 

WRITE (6.2701 
270 FORMAT (///t25Xt23rll3 IS THE WINTER MONTHSo//t25Xtl0Hl4 IS THE 

1 lJhSU~MfR MONTHSol/o25Xt32H15 IS THE S~RING AND FALL MONTHS, 
1 l/t25~t29H16 IS THE TO!AL YEARLY ENERGYI 

1000 RETURN 
EI-.ID 

03/21/77 21.51.1~ 

TMAP 
TMAP 
TMAP 
TMAP 
TMAP 
TMAP 
T"'AP 
TMAP 
TMAP 
TMAP 
TMAP 
TMAP 
TMAP 
TMAP 
TMAP 
lt.4AP 
TMAP 
THAP 
T1o4AP 
T"'!AP 
T"'AP 
T"'AP 
TMAP 
TMAP 
THAP 
TMAP 
TMAP 
T"1AP 
TMAP 

59 
60 
61 
62 
63 
64 
6S 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
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SUBRO;JTI"'E CONE IZ loZ2tALltAL2 tANGHIT1tAN>lHIT2t ICHITtZZEROl 
c 
C THIS SUBROUTINE SOLVES F'OR THE HIT POINTS .C21 OF' A VECTOR WITH A 
C INvERTED CO"'E 
C· 
C REQUIRED INPUT~ 
C USl-UNlT VECTOR ·o BE T£STED FOR HITS 
C 0-VECTOQ FR0'4 SA!IE LUCUION JN SPACE AS USl TO THE BASE 0."' THE 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

RCONE~RAOIUS OF THE CONE ~LF'~NY ~0 
HTOT-HElr.HT OF TH[ CONE 
THECON:CONE ANGLE 

N-UNIT VECTOR ALON& THE CJNE ~15 
U!\1-UIHT VECTOR U'l A PLA'IE NOIR!IIIIL 
UE-UijJT VECTOR SUCH THAr Nt~tJE 

OUTPUTS 

THE POINT 

TO UN 
F'ORM AN ORTHONORMAL TRIAD SET 

Zl ANOZ2-LENGTHS ALONG CON~ AXIS ro THE HI~ PLANES 
ALl AND AL2-SHORTEST AN) LONGEiT LENGTHS OF THE HIT VECTOR 
EXTErtnE11 C IUS) 

c A'IGHITl AND ANGHI T2-A"1Gt.ES F~D'4 liN TO THE HIT POINT IN THE 
PLANE NORMAL TO N c 

c 
c 
c 

ICHIT-CODE FOR HIT TEST 
0 FO~ MISSIM~ THE CONE 

I FoR HITTJ'IG ~ 
DI~ENSION QHC1!3lo~HC213t 
REAL N 
COM~ON/JOK~R/URPI~loUSI13ltTHiL•PHtTHSRtTHSUtCOUNToWAVLC20~oDRAD 
CO~MO~ /~ALL/ OC0LtSCDEL7C3lo~P·YPoPAX1oPAX2tOC3l 

COHHOM/B~BA/STH,Cl~.SEOoaMEtO~S·NC3loUECllt 
I Uh!3loUSC31tUAI3l•UR:JloTHE~At~ONtlOAYoSHALRoCAPRtCEQ 
CO~HON/SUPPT/DELT~tTHESoKSEGoAPRoSWoNSUPoHCONEtTHECON•HTOT 
C0MMON/TILTEOITTILTtUYTIJ)oUl:J:oU2C3loWAPMAXoWAPHINt0F'FSET 
ICHIT=O 
TTCON=TANITHECONI 
OUSUV=OOTEOCUSloUVTl 
OUVO=COT~RCUVToOl 
OUSO=COT~RIUSloOl 
Al=lo 
ZZERO=HTOT/2,0-RCC!IIE/TTCON 
fi~=o~:c;uvoousuv 
A2:TTCON•TTCONoFJX 
A=Al-A2-<"l~ 

l!l=z.oouvo 
B2=2.oouso•ousuv 
!3)~2 • Qo l;rEQO•TTCOII."'FI XOTTCON 
B=fll-eZ•'!J 
c 1 =v:Jiio•ouvo 
cz =2. ofvJvo•ousooousuv 
C3=DOT~~rO,OIOFJX 

C4=lZE~O•Z7E~OoA2 
C=t:I-C2•':J-C4 
QAD=R~1/14, 0 A 0 AI-CIA 

I~I~AO.LT.O.I RETJRN 
ICtiiT=l 
IF IA~'iiAl.GT.O.OOJll GO TO~~ 

CoNE 
C(>NE 
CONE 
CoNE 
CONE 
CoNE 
CONE 
CoNE 
CONE 
CoNE 
CONE 
CONE 
CONE 
CI)NE 
CONE 
CoNE 
CoNE 
CoNE 
CoNE 
CONE 
CONE 
CONE 
CoNE 
CONE 
CONE 
CoNE 
CONE 
CONE. 
CoNE 
CONE 
CONE 
CONE 
CoNE 
CoNE 
CoNE 
CoNE 
CONE 
CONE 
CONE· 
CoNE 
CoNE 
CONE 
CflNE 
CoNE 
CI)NE 
CoNE 
CONE. 
CflNE 
CONE 
CoNE 
CoNE 
CnNE 
CONE 
CONE 
CONE 
CoNE 
CoNE 

l 
3 
4 
5 
6 

' 8 
9 

10 
11 
12 
13 
lit 
15 
16 
17 
18 
19 
21 
2l 
22 
2J 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
41o 
loS 
46 
47 
48 
49 
SCI 
51 
52 
53 
54 
55 
56 
57 
58 
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Zl=ZZEQO CONE 59 
Z2=100)0. CONE 60 

60 GO TO :.6 CONE 61 
44 Zl=-8/C2.0oA)•SQRTCRA0) CoNE 62 

Z2:-B/i2.0oA)-SQ~TCRADl CONE 63 
c SOLVE F"O~ _E~G~T OF" HIT VECTORS CnNE 64 

46 AL1=CZl•OUV0)/0USUV CnNE 65 
65 AL2=CZ2•9UVDI/DUSUV CONE 66 

DO 10 l=1t3 Cf'INE 67 
RHClCII=~L1°USlCII-OCil-Z1°UVTC[) CnNE 68 

10 RHC2Cit=Al? 0USlCII-DCil~Z26UVTC[I CnNE 69 
c SOLVE FOR HIT ANGLE"S CnNE 70 

70 Xl=OOTERCRHC1•UEI CnNE 71 
X2=DOT~Q(RHC2oUEI CnNE 72 

"'" Yl:DOTERIR"CltU1) CoNE 73 
0 Y2=0DT~RIR~C2tUll CnNE 74 

bj 
-:J I 

0 lf1ABSCXJI.GT.0.00011 GO TO 100 CONE 75 C) 

t,A) 75 ANGHIH=o.o CnNE 76 co 
I IF"IY1._T.O.OI ANGI:HT1=3~14159 CoNE 77 ....... ....... GO TO 200 CnNE 78 
I 

r-:1. 100 ANGHITl=ATAN21X1tY11. CnNE 79 
200 IF"IABSCX21.GT.0.0001) GO TO 300 CoNE 80. 

80 Ar~c;H IT 2= 0 • 0 CoNE 81 
If1Y2.LT.O.OI ANGHIT2="3.14159 CnNE 82 
GO TO 40f CnNE 83 

300 ANGHtT2=ATAN21X2tY21 CONE 84 
400 lf1ANGHIT1.LT.O.I ANGHIT1=ANGHIT1•2.0°3.14159 CONE 85 

85 IfCANG~IT2.LToO.OI AN~HIT2=ANGHIT2•2.0o3.14159 CoNE 86 
TESTl=nOTE~IRHC1tUVTI CONE 87 
TEST2=00TERIRHC2tUVTI CONE 8~ 

IfiABSITEST11.GT.O.OOl.OR.ABSITEST21.GT.0.0011. WRITEC6t201 CONE· 89 
20 FOQMA1(//tl0Xt48HHIT VECTO~ FRO~ CENTER.OF CYLINDER IS NOT NORMA'-• CONE 90 

90 1 7HTO AX[So/1. CoNE 91 
RETURN CoNE 92 
EN!) . CONE 93 



~ 
0 
-J 
0 
w 
I ..... ..... 
I 

N 

5 

10 

15 

20 

zs 

30 

35 

40 

45 

so 

55 

SUHROUTINE POLSPZ 74/74 OPT=1 FTN 4.5•41011 

SUBROUTINE POLSPZIACOL•NNUtS~ACEFtNTOTALtGCOVERl 
C THIS ROUTINE INITIALIZES THE PARAMETERS QEQUIREO FOR 
C ~0N-UNIF~RM POLA~ PACKING, 

OI~ENSIO~ AAZ14ltGQCI25~•81 
cb~MON /JEFF/ UM~SI3ltP~S13itNSTOPSoAo8oCoSMA~•RFIELO•THtiCMHt 

1 IC~HoiFCoi~ITo!CSH2•~COLol~OU~oKINoELZoToTOISXoTOISY, 
2 ~U~Ao0UM9oOUMCoUMNN113!oUM~N2131tUHNI3loiOHITtNLATo 
3 NLONG• ILONGoi\ILATCtRCOtiJPAC'(o[NHI': 

COMMON/STRUCT tr.AP, fiL!'lNG. wS [DE: • wTRio XL T~l • 8801 t 8802 • WCKOSS t 
1 WOUHt!F~A~oHTM!Ro~TCR05oWJC~OS 
COMMON/TABLE/UHV(3ltUAXf13l·UXW213l,RSTI3l,wFVtNHF,XOf,wD2,wFVZ, 
!RH~I3loD~LXoOELY•W~t!FVoRR813loUA~VPI3ltUXVZPPI3lt 
2UlTI3loU~NP()IoUXV2PI31 . 
3tUMNPI3loUNNPP13loFoALENoU8EONI31•1FOCtiOR!VE 
CGMMON/M~PS/NR7F•NAZZFo~CI2S~•8ltSQADI250o8ltNPRAOIBI•DEG 
DO 5 !=loB 

5 NPRAO (!I =0 
N"IOTAL=O 
PDA=SPACEF~IXDF-wFVI 

CL2=CI~HF-JI 0~0F+WFVI/2. 

CLT=2,0CL2•POA 
C~TH=WO•r.AP+2,0WLO~G 
Al=NHfow~vowO/CLT 

Alll'lli=O.O 
Ji"A~=NNU 

If1NNU.LT.6l GO TO 70 
Ji"AX=4 
OCl 1 0 I= !o 4 

10 AAZill=3.14lS9/4.o(fLOATil)-~.J 
70 OE\.=2 •. oJ,l4159/FLOAT INNUI 

00 200 J=loJMAX 
SRADI1oJl=~CO 

I=o 
25 I=t•1 

C A?:IMUTH SPACING GROU'IID CO\"ER IIliiS CHA!IIGED I!Y GA SMITH 9/8176 
A3=0.07f'loO,S/TH 
A2=0.42S•O.Ol2oAAZIJI 
IFIISRADiloJI/THI,LE.J.~I GO TO 50 
GCOV=O. 1?. 
OR: A 1/GCOV. 
SR~OII•loJl=SRAOII•JI•D~ 
GO TO 110 

50 A4=A2-2.oSQAOif,JI 0 A3 
Rl.:-A4/A3 
Cl=Al/A3 
A~1=9! 031-4.oC1 

IFIARG1.LE.O.OI GO TO 5! 
QR:-q1o0,5-SQRTIARGII/2, 

53 IFINPAC~.E0,41 OR=Al/GCCVER 
HR=l.)3)4o!SRAOil•JI-C~1Ho~.51 

C~= I .333<t" CSRAO I I, Jl ocwTH•C~'"H°CWTHOO o2S+CLZ•CL21 
O~P~=-~P•0.5•S~~TI3R•~R•C..°CRI~0.5 
If (IJR.LT ,Q<;PRI O~=!)RP~ 

SRAO!l•l.Jl=5PAOIIoJl•OP 
GCOV=Az-n~ I SRAO I l•JI •S~AO CJ•l•JI l 
lf1NPACK.ED.4l bCOV=GCO~ER 

C Op,~ADII•llo AND G:OV A~E SEl 

0~121111 ZloSlol& 

POLSP2 
POLSP2 
PnLSP2 
POLSP2 
PnLSP2 
POLSD2 
PI)LSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
PnLSP2 
POLSP2 
POLSP2 
PnLSP2 
PnLSP2 
POLSP~ 
PnLSP~ 
PnLSP2 
POLSP2 
POLSPZ 
POLSP2 
P~LSPZ 
PnLSP2 
f>~LSP~ 
IPOLSP2 
IPOLSP2 
IPOLSP2 
IPOLSP2 
IPOLSP2 
PnLSP2 
IPOLSP2 
.PnLSP2 
IPnLSP2 
POLSPZ 
POLSP2 
PoLSP2 
Pni,.SP2 
PoLSP2 
POLSP2 
POLSP2 
POLSP~ 
POLSP2 
PoLSP.2 
POLSP2 
PnLSP2 
PnLSP2 
POLSP2 
PoLSP2 
POLSP2 
POLSP?. 
i>OLSP?. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
I i 
12 
)J 
14 
15 
16 
17 
18 
19 
20 
Zl 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
4) 

44 
45 
46 
47 
48 
49 
so 
51 
52 
5) 
54 
55 
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SU9ROUTINE POLSP2 74174 OPT:1 F"TN 4o5•410A 

110 RNC=OEr,•5COV•ISR~OII•1tJI•SRAOCI•l•JI-SRADII•JI•SRAOII•JII/ 
•12, 0 t1COLI 

NCIIoJl=!NTCRNC•O,SI 
C CHEC~ F"OQ ~ELIOSTAI wiTHIN ZONE BOUNDARIES 

IF"INC(I,JI,LT.ll GO TO 64 
RTLE=ISR~Dil•l•J••SPADIItJIIIZ,-CWTH0 0.5 
THE2=ATAN2~CL2oRfLEI 

59 !FcTHE2.LE.IOEG/FLOATI2°NCIItJilll GO TO 62 
NC(J,JJ=~C(I,Jl-1 

GO TO 59 
62 !FINPRAOIJI.NE.o• GO TO 64 

NSC=NCCJ,Jl 
00 63 IC=1oNSC 
THEI=DEG~IIFLOATIICl-OoSI/NCti,Jl•FLOATIJ-lll 

XI=IRT(E•CWTH 0 0.~l•SINITHEII -
YIP=IRTL~•CWTH•O.SI•COSITHEil•TOISr 
OIST=S~RTI~JoXI•~I~•YIPI 
IF"IDIST,LE,RFIFLCl NTOTAL=NTOTAL+2 

63 COtjT I IIIUE 
64 CO>HHJ\!E 

DELPIID=SOAOII•ltJI-SRAOIItJl 
C RESOLVE FOR GROUND COVER IN THIS ZONE 

GR~II•JI=2, 0 ~COL~FLOATINCCitJil/IDEG0 1SRAOtl•ltJl*SRADII•ltJl 
o-SPADIIoJI~SRADIIoJIII 

RTLE=RTL<"•CWTH 
OTOE=SaRiiRTLE•RlLE•CLZ°CLZI 
IF"IDTOF..GT.SRADII•1,Jil WRITE16t90) 
IF CDTOE,GT,SRADti•1tJII SRADII•1tJI=DTOE 

90 F"CRMATt1oX•Z4HPADitll SPACING TOO S~ALLI 

IF IS~tiOII+1oJI .• r.T, CRFIELO•A9SITOISYI-DELRAO•O.SII GO TO 6071 
GO TO ?5 

6071 IFINPRIIDIJI.GT,OI GO TO Z01 
NPRAD (J I= I •1 

201 If"(I,GT.(NORADCJI•111 GO TO ZOO 
GO TO ?5 

ZOO CONT HHJE 
C SET. WEST F"IELD R•DI I A"'O COUECTOR COUNT PARAMETERS 

00 1100 J1:1,JMA: 
JZ=9-Jl 
NLIM=NPRADIJli+Z 
NPRADIJZI=NPRADiJ11 
DO 110~ t1=1tNLI" 
SRADII1tJZI=SRAUII1,J11 

1100 NCCII•JZI•NCCI1,Jll . 
JLIM=Z•J'4AX 
DO 1110 J1=1tJLIH 
NEND=NPRADIJ11 
WP.If£((,.11201 Jl 

11ZO F"ORMATI//tl0Xt?7HPOLAR RADII IN AZIMUTH ZONEtiSo/1 
WRJTEI6tll301 ici,SRAUII,Jlii•I=1oNEND• 

1130 FORMATCBI1~•2HRCoi3t2HI=•F"6,1•1XII 
WRITE IF,o) 1401 Jl 

1140 FOP.MATI//tl0X•J7~POLA~ COLLECTOR COUNT (N AZIMUTH lONEoiSo/1 
WRJTEI6t1150l C(I,NCII•Jllltl=1•NENOI 

1110 CONTINUE 
1150 FO~Mtll(8(1Xt2HIIIIoi3o2HI=tl5o1XII 

DO 1Zl0 Jl=1oJMA~ 

/ 

03/?.1177 21.51.16 

PllLSP2 
POLSP2 
PnLSP2 
POLSoz 
PQLSP2 
PQLSP2 
POLSP2 
PnLSP2 
POLSP2 
POLSP2 
POLSP2 
PnLSP2 
POLSP2 
PnLSP?. 
PnLSP2 
PnLSP2 
POLSP2 
POLSP2 
POLSP2 
PnLSp2 
POLSP2 
PnLSP2 
POLSP?. 
POLSP2 
POLSP?. 
POLSP2 
POLSP2 
POLSP?. 
POLSP2 
PI')LSP2 
POLSP?. 
POLSP2 
POLSP2 
POLSP2 
PnLSP2 
PnLSP2 
POLSP?. 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
PoLSP2.o 

. POLSP2 
POLSP2 
PnLSP2 
PllLSP2 
POLSP2 
I'OLSP2 
POLSP<! 
PoLSP2 
POLSP2 
POLSP2 
PnLSP2 
POLSP2 
POLSP2 
POLSP2 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
17 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93· 
94 
95 
96 
97· 
98 
99 

100 
1 0 1 
102 
103 
104· 
105 
106 
107 
lOR 
109 
110 
111 
112 
113 
114 
115 
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SUBROUTINE POLSP2 74174 

fiiENO=JI,PRIIiO! J1 I 
WRIT~C6tlZ?OJ J1 

1220 F"OQNATIII"tl0Xt26H·3QOUNO COVER HI POLAR :!0NE•I5•/) 
~RIT~f6tl240J !!l.GRC!l•Jl))ti=l•MENO) 

"1 21 0 COIIIH Nll.JE 
1240 FORM~T:7c1Xo3HGC!~IJo2H):,fS.Jo]X)J 

JF!N~U.~~.}) NTOT~L=NTOTAL/2 
RETU·~N 

ENO 

·' 

POLSP~ 
PoLSP2 
POLSP2. 
POLSP2 
P.oLSP2 
P,f)LSP2 
p,f)LSP2 
P.OLSP?. 
P<nLSPZ 

116 
117 
118 
119 
120 
121 
122 
123 
124 

.. PAGE.. . 3 



SU~POUTIN~ FRA"'E 74i74 OPT=t l='tN 4.5~41011 . Ujnli71 21.!;1.16 I> AGE 

SU8ROUTI~E FQA~ECVSloVS2oVS3oVS4oVSSoV56oVS7oALFRAMoJKoMoALENGI FRAME 2 
CO~M0NtPLA~E/IDLANC7l FRAME 3 
C0MMON/B~bTST/6LBL0ColCOOoUHV2ClloUAXV2C31 FRA"4f. 4 
COMMON /)EFF/ U~~SC3loRRS.J)oNSTOPS•A•9•C•SMAXoRFIELD•THolCMH• FRAME 5 

5 1 JCSHoiFCoi~!To!CSH2oNCOLtiHOURoMINoELZoToTDJSXoTOISY, FC?AME 6 
2 ~U~A,OUM~o0U'1CoU"'NN1ClloUM~~2C3loUMNC31ol0HlT•NLATo FI>AME 7 
J ~LnNGo!LGN~.~LATC,RCOoNPAC~,ENHM FI>AME 8 

CQMMQN/TABLE/UHVC)loUAXVC3loUXV213)oRSTC3loWFVoNHFoXOfoW02oWFV2o FI>AME 9 
1 -C?HSIJloDELX·~fLYo~DoiFVtRR613loUAXVPC3ltUXV2PPCllt FC?A"'E 10 

10 2 UTTI)),UN~P()loUXV2PC3l FI>AME 11 
3 oUMNP!llouMNPPCJloftALENoU~EDNClltlfOCoiDRIVE FRAMF: 12 
C0MMONIB486/STH,CT~,SE~tOMEoOMSoNC3ltUEC3lo FRA~F: 13 

1 UN Ill o\ISCll oUA Ill oURCll oTHETAt"'O"l• IDAYoSMALRtCAPRtCEQ FRAME 14 
CO~MON ICI~Df.XI ~PCOLoYPCOLoCOSAoCOSB•SLDUMoWCELLt!CELLtJCELLt FI>AME 15 

15 I xCSAVoYCSAVoXC"'oYCMo!CELMtJCELM FI>AMf. 16 
COMMON /~ALL/ DC0LoSCDE.LTC3loXPoYPtPAXIoPAX2tDC31 FI>AMF. 17 

FRAME. 18 
COMMON/JOK"R/UPPC3loUSIC3loTHSL,PH,THSRoTHSUtCOUNTtWAVLC20ltORAO FRAME 19 
C0MM0NtTJLTED/TT!LToUVTC3ltU1C3ltU213loWAPMAXtWAPM1No0FFSET FRAME 20 

20 COMMONISTRUCT/GAFo*LONGtWSIDE.owTRioXLTR1oBltB2tWCROSS•WDUMtiFRAH FI>AME 21 
OtHTM!RoHTC~OStWJCROS FI>AHE 22 
DlME~SfOOj URDUMClltU~VDUMC31tUAXVDUMC3l FI>AMF 23 

II>- DIMENSION VSIC3loV52ClltVS3CJl,VS4t3ltVSSCJitVS6C3ltV57C3lo FI>AME 24 
0 oqH!Tl13l,RHIT2Cl~•~HIT3C3loRHIT413toRHITSC3loRHIT613ltRHIT7(31 FRAME 25 
-:J 25 I>~AL LoN FP.AMf. 26 Ill 
0 L=o.o F.~~ AME 27 I 
c.) -:J I ALI= 1 0. f. • Ill FI>AME 28 c.) ...... ...... AL2=IO.E•lll FRAME 29 
I AL3=!0.E+10 FI>AME. 30 N 

30 AL4=lO.E+lO F1>AME 31 
ALS=lO.E+lO FI>AME . 32 
AL6=10,E+l0 FRAME 33 
AL7=10.E+IO FI>AME 34 
GO TO CIOoiOo20t30ioiCDD FI>AME 35 

35 11) no 11 I=lt 3 FI>AMF 36 
UROUM C I l =U''ll I l FRA"lE 37 
UHVOUMCil=UHVCil FRAME 3~ 

11 UAXVOU~C!l=UAXVCil FRAME 39 
GO TO !200 FI>AME 40 

40 2) no 21 1 =I • :l FRAME 41 
UR[)UM C I l =US 1 (I l FRAME 42 
IJHVDllM ( 1) =UHV (I) FRAHF. 43 

21 UAXVDU~Ctl=UAXvC:I FI>AHE 44 
GO TO 1200 FI>AHE 45 

45 30 no 31 I :1. J FQAME 46 
UR!)UMiJl=U.Sl Ill FI>AHE 47 
UHVDUMCIJ=UHV2Cil FRAME 4~ 

31 UAxVDUM(Jl=UAXV21Il FQAHE 49 
1200 ALl =OOTE<H VSl oUI:!ED!\11 /DOTER CURDUHoUBEDNI FQAME so 

so c TOP FRAME HIT TEST FRAMf. 51 
IF CALl.LT ~O.Ol GO TO 50 FQAME .52 
0(1 101 I=lo3 FRA'4E 53 

lOl RHITICil=ALloUROUMC!l-VSllll FI>AMF. 54 
XH!T=A9SCOOTERCUHVOU'4oRHITlll ·FRAME 5'5 

55 YH!T=ARScnnTFRCU~XVflUMtR~ITlll FRAME 56 
c CH~C!< FOR HIT IN ~EO ROU~OARIES FRAMf 57 

IFCXHIT.GT.CALEN•O.Sll GO TO 50 FJIAMF. 58 



~ 
0 
-J 
0 ·w 
I ..... ...... 
I 

N 

6"0 

65 

70 

75 

eo 

85 

90 

95 

100 

105 

1"10 

SUdRC•UTINE F"RAMF. 14171. OPTaJ. 

IF IYHIT.GT.I~OUM•~LONG•O.Sll GO fO 50 
C F"OLLOWING CHECKS F"OR HITS - TRUE IS· HIT 

IF" IYHIT.GT.!~OUM-~LONG•O.SIIGO TJ 40 

03/2~/77 2lo5lol6 

IF I XHIT. c;T. IXOF'-~CQOSS°C•.Sl ~A·NO.X-iiT .L T .(XQF.WCRDSS•OoSH GO '1'0 ·40 

FRAME 
FRAME 
FRAME 
F-QAHE 
FRAioiE 
f'RAHE 
FRAI'If. 
FOAioiE 
F"RAI'IE 
F"RAI'If 
FRAME 
·FRA!4( 
fRAME 
FRAME 
FoAME 
FI:IAME 

·FqAM.; 
FRAME 
FRAME 
f'RAME 
FRAME 
FQAME 
FI:IAME 
FRAME 
F'I!AI4f. 
FI!AHE 
FI!AME 
F'I!AME 
FRAME 
FRAOIE 
FRAH€ 
FRAME 
ri:IAHE 
FRA141: 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
10 
71 
72 
73 
74 
75 
76 
17 
78 
19 
80 
81 
82 
83 
li4 
85 
86 
87 
88 
•89 
90 
91 
92 
93 
94 
95 
96 
91 
98 
99 

IF IXHIT.LToi~JC~OS•O.SJIGO TO 40 . . . 
C CHECK F"OR TRIANGLE HIT 

IF I XHIT .GT • !W'CROSS•O.S•·XLTRI•Ct.7D71l I I I(HJT=ABS IXHIT-XOn 
IF"IYHIToLT.IXHJT•ijZJ.A~D.YHIT.Gl.CXHIT•Ylll GO TO 40 
GO TO ";0 

coooooo HIT TOP F"RAME 
40 IF"RA"'=l . 

lr!JK.NE.M» IF"RAM=2 
()O TO 51 

C•••••• CHECK F~AME SID~S 
50 AL\=1 O.E•H 
Sl C~TINUE 

AL2=DOTEo IL•AXVnU14oVSZI/COTER IUP.OU14oUAXVOJMI 
lr!AL2.L~.C.Ol GO TO lOE 
00 102 1=1.3 

102 RHIT21ll~-~S2111 • ALZ•LROUM!J) 
YHIT=AqSIDCTER!RHITZtU~EONII 
XHtT=A~S!O~T~R(RHJTz,UH~DUM)) 
Ir1XHIT.5T.IALEN/2oll GC TO lOt 
lr!YHI~.GT.IwSIDEIZ.II ~0 TO ICB 

C•••••• ~0.2 I~ ~IT 
lrRAH=I 
lrCJt<.NE.HI• IF"IIAM:Z 
G() TO 109 

108 Al.Z~lO.E•:l'C' 
10~ COt-.ITINUE 

ALJ=DOTEO I UAXVOUM t VS31/COTER CUf;DUHoUAXVD'JMI 
IF!ALl.LToOoOI GO TO SOG . 
00· 103 1:1 .. 3 

103 RHIT311l=-YS3111 • AL3•CROUHCIJ 
YHIT=ABSIDOTERIRHlT3tU960Nll 
XHlT=A~ScOnTERIRH[T3oUH~UH)) 
IF!XHIT.GT.IALEN/Zoll GO TO 500 
IFIYHIT.GT,IWSJOEI2.Jl GO TO SOO· 

C•••••• ~0.3 IS ~IT 
IF~AM=1 
IFIJI<oNE.HI IF"RAM=2 
GO• TO 510 

·soo AL:l=lO.E•lO 
510 CO~TINUE 

AL .. =DOTE9 IUHVOll""' VS41/0CTER IUAOUM·UHVOUH> 
IFIAL4.LT.o.OIGO TO SJO 
00· 520 1:1,3 

520 9H~T41li=-VS41JI • AL4°UROUMIII 
XH;IT=AR<;cOnTERIQHlT4oUA~0Uiolll 
YH·1T=AI1S !D'ITER I'IHTT4oUqE')NII 
lFc~HIT.~T.I!WO•GAPJoO.Sio OR.tYH:T.GT.H-CROS•O.Sll GO TO 530 

C•••••• ~0.4 I<; HIT 
If;;" AM=) 
IFCJK.Nf.HI If'~lM=2 
GO· TO 540 

530 AL .. =IO.E•lO 
540 CO~T f.'IUJE 

FRAHE 
FRAM€ 
FoAHE 
FRAHf. 
FRAME 
rPAM£ 
FRAME 
f'RAHE 
F"OAHE 
FRAME 
FIIAME 
FRAME 
FoAME 
FRAMI' 
FoAioiE 
FoAiol'.: 
FoAMf. 
fOAM~ 
FI1AME 
FOA~E 

F"11A'4E 
FRAME: 
FRAME 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
liS 
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>l>o. 
0 
-'1 

115 

120 

125 

130 

135 

g 140 
I·. 

>-I 
>-I 
I 

t>) 

145 

150 

155 

160 

165 . 

170 

74/74 OPT=1 

AL~=DOTE~>IUHVOUMtVSSJ/OOTERIUROUMtUHVOUMl 
If IALS.LT.O.Ol GOT~ 560 
()(l 550 I=l·3 

550 '!HITS I Il =-VSSII l • ALSOUQOUM I 11 
XHIT=ARS!OOTERI~HlT5tUAXVOUMll 
YHIT=A~S!OnTERIRHITStUSED~ll 

I'TN 4.5•410A 

tfiXHI~.~T~IIWO•GAPloO.Sl. ORo(YHIT.GT.HTCROS•O.Sll GO TO 560 
coooooo PLANE ~0.5 IS HIT 

IfPA'1=1 
If!JK.~E.Hl IfRAM=2 
GO TO 570 

560 AL5=10.E•LO 
570 CONTINUE 

AL~=OOTERIUHVOUMtVS6l/OOTERIUROUMtUHVDUMl 
If!AL&.LT.O.Ol GO TC 590 
00 580 I=1o3 

580 RHIT611l=-VS61ll • 4L&oUQOUMI11 
XHIT=ARS!DUTERIRHITEtUAXVOUMll 
YHIT=A~S!DOTERIRHIT~tUBEONll 
Ifi~HIT.GT. IIWO•GAP~oo.Sl. O'I.(YHIT.GT.HTCROS•Oo5ll GO TO 590 

coooooo PLA~E N0.6 IS HIT 
lfP.A"t=\ 
If IJKoNE.Ml lf"llAM:2. 
GO TO 600 

590 AL<,=lO.E•lO 
600 COIIITINUE 

AL7=00TER(UBEDNtV57l/OOTERIURDUMtUBEONl 
lf1AL7.LT.O.Ol GO TO 620 
O(' 610 l=lo3 

610 RHIT71Il=-VS71Il • &L7oUROUMill 
XHIT=AHS!00TERIRHIT~tUHV0UMll 
YHIT=A85!00TER!RrllT7oU~XVOUMll 

coooooo CHECK FOR BOTTO~ FRAME BOUNDARY 
IFIXHIT.r,T.IALEN°0.5ll G~·TO 620 
IF IYH!T,GT.lW()UM•WlONG 0 0.5ll GO TO 620 

coooooo WITHIIII FRAME BOU~~A~Y - CHECK FOR ACTUAL HIT 
IF ·cvHIT.GT.(WOUM-~lONGoO~SllGQ TO 630 
IFtXHIT.GT.IXDF-WCRCSS 0 0.Sl.ANO,XHIT.LT.IXOI'•WCR0SSoOo5ll~O TO 630 
If !XHIT,LTo!WJC~OS•O.SllGO TO 630 
GO TO 620 

630 IFRAM=l 
IFIJK.NE.Mf IFRAM=2 
GO TO 625 

620 AL7=10.E•10 
625 CO~TINUE 

L=AMIN11ALltAL2oAL3oAL4tALStAL6tAL7l 
ALFRAM=L 
If!L.E~.A~1l IP=l 
If(L.EI).A~2l IP:2 
IF!L.E0.AL3l IP=3 
IF IL.E'l.Alt.l IP=4 
If!L.E'l.AL5l IP=S 
Iftl.E0.~L~l IP=b 
IF!L.E'l.AL7l IP=7 
IF IL .r,T .1 nF.•OI>l GO· TO 900 
!FIALENG.LT.ALFRA~l GO TO 900 
IPLA~ItPl~tPLANIIPl•l 

FRAME 
FQA'IE 
FRA'~E 

FRAME 
F'IAME 
FRAMF. 
F~AME 
FPAME 
FRAME 
F'IAME 
FQAMF;: 
FRAME 
fRAME 
FRA!'!E 
FRA'IE 
FRAME 
FPAMf 
FPAMf 
FPAME 
FRAME 
FPAMJ;: 
FRAMF.: 
FRAME 
FpAME 
FRAMF. 
fRAMF. 
FRAME 
F~>AME 

FRAME 
FI~AME 
l'pAMF. 
FRAME 
FRAME 
FRA!'4E 
FRAME 
FRAMF. 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAMF. 
FRAME 
FRAME 
fRAME 
FPAHE 
FPAME 
FDA ME 
FRAMF. 
FRAMF: 
FRAME 
FPAMF. 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150. 
151 
152 
153 
154· 
155 
156 
157 
158 
159 
160 
Hi1 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
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SUBROUTINE FRAME 

900 RE"i:'URN 
END 

OPf=l 

173 
174 
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APPENDIX C 

GLOSSARY OF VARIABLES APPEARING IN COMMON 

This appendix contains those variables which appear in all common blocks in 

the program. The table lists the FORTRAN names in alphabetical order, the 

common block in which each occur, a description of each, and the subroutine 

in which the variable is defined. The figure numbers following the descrip­

tion indicates a figure to refer to for further definition. 
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FORTRAN Common Description Subroutine 
Name Block Defined 

A JEFF Cosine of angle between sun and local VECTS 
north (Figure 3-2) 

ACoL· None Area of collector INITCOL 

AllVlliGT CAVITY The height up the aperture at which INITCOL 
' all the mirrors are aimed (ft) 

ALBLOC· BEDTST Distance from ray hit on a facet to OFFBLOC 
nearest block by another facet 
(Figure 3-25) 

ALEN TABLE Length of a heliostat from outer mir- INITCOL 
ror axle to mirror axle (ft) 
(Figure F-3) 

APH SUPPT Average aperture slant height AIMPP 

B JEFF Cosine of angle between sun and local VECTS 
east (Figure 3-2) · 

Bl STRUCT Collector frame geometry constant I NIT COL 
(ft) 

B2 STRUCT Collector frame geometry constant IN IT COL 
(ft) 

c JEFF Cosine of angle between sun and local VECTS 
vertical (FigurP. 3-2) 

CAPR BABA Mean radius of earth's orbit in INITCOL 
nautlcal m~les 

CAVLAT CAVITY Height zone boundaries in the cavity MOON 
(ft) 

CEQ BABA Cosine of 23.5 deg 1 the solar decli- INITCOL 
nation angle for summer solstlce 

CILAT CAVITY Zone indices for height zones in the MOON 
cavity 

CONV None Conversion factor to weight each ray 
with a KW value 
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FORTRAN Common Description 
Subroutine 

Name Block 
.. Defined 

COSA CINDEX North direction cosine of the sun ray FIND IT 

COSB CINDEX East direction cosine of the sun ray FINDIT 

COUNT JOKER The normalized value of a given ray MONTE 
MONTE2 

CTAZT TOE Cosine of the sun• s azimuth angle at INITCOL 
the toe-in setpoint. 

CTELT TOE Cosine of the sun• s elevation angle at INITCOL 
the toe-in set point 

CTH BABA / Cosine of the latitude INITCOL 
' 

D BALL Vector from hit heliostat center to PTOWER 
the tower top MOON. 

DCOL BALL Height of facet axis off the ground (ft) IN IT COL 

DDBASE DARKLE Diameter of the tower base (ft) INITCOL 
(Figure F-2) 

DDTOP DARKLE Diameter of the tower top (ft) I NIT COL 
(Figure F.-2) 

DDl CAVITY Diameter of lower disc of annulus INITCOL 
cavity (towez: top diamelex·) 
(Figure F-4) 

DD2 CAVITY Average diameter of upper disc of INITCOL 
annulus cavity (Figure F-4) 

DD3 CEILING Inner cavity diameter (ft) (Figure F-4) NAMELIST 

DEG MAPS Angle of one azimuth zone on the field POLSP2 

DELTM SUPPT Angle between the midpoint of the . 
supports and the hit hellostat fleld 

AIMPP 

position 

DIN TV RANDOM Number of hours per day that are INITCOL 
integrated over in annual energy runs 

DRAD .JOKER Factor to convert degrees to radians INITCOL 
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FORTRAN Common Description Subroutine . 
Name Block Defined 

DRZ CEILING Distance of the radial borders on the ROOF 
ceiling of the receiver 

DTARG· TOE Vector from heliostat center to the MIRRN 
aim point 

DTAZ CEILING Azimuthal borders on the ceiling ROOF. 
(radians) of the re~eiver 

DUMA JEFF Same as A PTOWER .. 
~ 

DUMB ._TF.FF Same as B PTOWER 

DUMC JEFF Same as C PTOWER 

ELZ JF.'FF F.levation of the sun at a given tim.e MONTE2 
'. INITCOL 

ENHM JEFF Sum of COUNT MONTE 
MONTE2 

F TABLE Focal leng~h of a facet NAMELIST 

GAP STRUCT Space between the frame side beams NAMELIST 
not taken up by a facet (ft) 
(Figure F-3) 

GCOVER None Fraction of ground covered by NAMELIST 
heliostats 

HCAV CAVITY Height of the receiver caity (ft) NAMELIST 
(J:t'Lgure F-4) 

HDIF CAVITY Height of the diffu-ser (ft) NAMELIST 

HSWTC CAVITY CAVITY heights ( = to HCAV and INITCOL 
HDIF) 

>. 

HTCROS STRUCT Height. of the frame cross beams (ft) NAMELIST 
(Figure F-4) 

HTMIR STRUCT Height of the facet axle above the top NAMELIST 
of the he liostat frame (ft) 
(Figure F-4) 
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FORTRAN Common Description Subroutine 
Name Block Defined 

HTOT SUPPT. Average distance from. the tower top INITCOL 
to the cavity bottom {Figure F-4) 

I CELL CINDEX Field cell index RIND X 

ICELM CINDEX Field cell index FIND IT 

ICMH JEFF Mirror hit flag 0 - no mirror hit FIND IT 
· 1 - mirror hit 

ICOD BEDTST 'Flag for setting the correct vectors PTOWER 
1 shading on different heliostat FINDIT 
2 shading on same heliostat 
3 blocking on different heliostat 
4 blocking on same heliostat 

ICSH JEFF A counter to ~ndicate that a ray was FIND IT 
shadowed by a facet 
0 - no shadows 
1 - number of shadow hits 

ICSH2 JEFF A flag to indicate that a ray was FIND IT 
shadowed by a facet on a different 
heliostat than it would have 
encountered. 
0 - no shadows 
1 - number of shadow hits 
' 

IDAY BABA The day of the month to be run NAMELIST 

IDAYT None The day of the toe- in set - NAMELIST 

I DRIVE TABLE Option code for facets to be driven on NAMELIST 
a: heliostat individually or au··together. 
1 =ganged 
2 = independent in one axis 

IFC JEFF Initialization flag PTOWER 
1 first call to FINDIT 
2 second call to FINDIT 

IFOC TABLE Option code for focal lengths of the NAMELIST 
facets {obsolete) 
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FORTRAN Common Description Subroutine 
Name Block Defined 

·--· -----

I FOCUS TOE An option to model the curve of the NAMELIST 
facets individually or to zone the field 
into areas with the facets all having 
the same curve. !FOCUS= 0 means 
each facet has its own focus. 
IFOCUS=1-10 means there are 1-10 

< zones in each of which the facets all 
have the same focal length. 
IFOCUS=11 means flat-mirrors. 

IF RAM STRUCT A flag to indicate whether or not ~ FRAME 
ray encountered the frame of a helio-
stat in its path. 
0 - no encounter 
1- frame hit 

IFV TABLE Index of a facet on a heliostat INHIT 

IHIT JEFF A flag to 'indicate a ray hit a facet - INHIT 
0 - no facet hit 
1 - facet hit 

IHOUR JEFF Hour of the day run INITCOL 

!JUMP RANDOM Option code for a time point or NAMELIST 
annual energy run 
0 - t~me point . 
1 • luu~ tul~g.t·a l1un 
2 - time point and time int~gration 

I LONG JEFF Index of azimuth zone hit on the MOON 
cavity wall 

I PLAN PLANE Counter for ray hits on each frame FRAME 
plane 

IOHIT JEFF A flag to indicate a ray block 
0- no block 
1 - blocked 

IRANC RANDOM A flag to initialize the random num- INITCOL 
ber generator 

IRAYS RANDOM Number of rays per NRUN to be drawn NAMELIST 

40703-II-2 
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--.. 

FORTRAN Common Description 
Subroutine 

Name Block Defined 
---~ 

IS RAN RANDOM Initial random seed NAMELIST 

IT1 ·RANDOM Control variable for terminating the NAMELIST 
program (= 3 to stop) 

ITOE None An option to adjust the facets relative NAMELIST 
to each other in zones or to adjust 
each heliostat separately. ITOE=O 
means the facets are toed- in indi-
vidually. ITOE=1-10 are the number 
of zones for similar toe-in relation-
ships. 

ITT None Integer ray counter array MONTE or 
MONTE2 

IZAZ CEILING Index of azimuth zone on the ceiling MOON 

IZR CEILING Index of the radial z<?ne on the ceiling MOON 

JCELL CINDEX Field cell index RINDX 

JCELM CINCEX Field cell index FIND IT 

JCORB MOONMP A flag to indicate a corbel hit MOON 
0 - the ray entered the cavity 
1 - ray hit the corbel 

JFRONT MOONMP A flag to indicate a ray missed the MOON 
aperture completely 
0 - ray entered cavity 
1 - ray missed aperture 

JMISHI MOONMP Flag to indicate a ray hit the receiver MOON 
above the aperture ' 
0 - ray entered cavity 
1 - ray missed high 

JMISLO MOONMP A flag to indicate a ray hit the tower MOON 
below the aperture 
0 - ray entered cavity 
1 - ray missed low 

/ 
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FORTRAN Common Description Subroutine 
Name Block Defined 

JWHIS MOONMP A flag to indicate a ray entered the MOON 
aperture but did not hit the cavity 
0 - ray entered cavity 
1 - ray entered aperture and 

exited without getting into the 
cavity 

KSEG SUPPT Integer segment indice to indicate AIMPP 
field positiofl relative to corbel 
location 

LIMC RANDOM Option code for choice of sun mode INITCOL 
1 - flat sun 
2 - sun with limb darkening and. 

solar radiation 
3 - sun with limb darkening 

MIN JEFF Minute of the hour of the day IN IT COL 

MODE RANDOM A flag that indicates whether all INITCOL 
variables need to be initialized or not 
1 = initialize all variables 
2 = read name list 

MON BABA Month of the year to be run NAMELIST 

MONT None Month of the toe- in set poi. nt NAMELIST 

N BABA Unit ray vertical to the ground plane VECTS 
(real va.ria.blc) 

NAZZ CEILING Number of azimuth zones on the TNT.TCOL 
ceiling 

NAZZF MAPS Number of azimuth zones in field NAMELIST 

NC MAPS NumhP.r of collectors in a. zone POLSP2 

NCOL JEli':B' Number of collectors in the field POLSP2 

ND1 None Disposition code for a given ray 

NHF TABLE Numher of heliostat facets (must be NAMELIST 
4 ln this code version) 

I 
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FORT;RAN Common Description Subroutine 
.Name Block Defined 

·NLAT. JEFF Number of height zones on the diffuser NAMELIST 

NLATC JEFF Number of height zones on the cavity NAMELIST 
wall 

NLONG JEFF Number of azimuth zones on cavity NAMELIST 
walls 

NNU None Number of azimuth zones on the field NAMELIST 
(either 1 or 8) 

NPACK · JEFF Option c·ode·for arrangement of NAMELIST 
heliostats in the field 
4 - uniform polar packing 
5 - nonuniform polar packing 

NPRAD MAPS Number of polar radial zones in an POLSP2 
azimuth section (Figure F-5) 

-

NRUN RANDOM Number of iterations on IRAYS to NAMELIST· 
be run 

NRZ CEILING Number of radial zones on the cavity NAMELIST 
roof (Figure F- 5) 

NRZF MAPS Number of radial zones on the field NAMELIST .. 
(Figure F-1) 

NSTOPS JEFF Number of.points along a projected NAMELIST 
ray path to be checked for closest 
heliostat (Figure 3-4) 

NSUP. SUPPT Numoer of cavity supports NAMELIST 

OFFSET· TILTED· North-south distance that the cavity 
center is offset from the upper aper-
ture east-west axis 

OME BABA ·Hourly angular displacement of the INITCOL 
earth about its rotation axis 

. OMS BABA Daily angular displacement of the INITCOL 
earth in its orbit 

PAX1 BALL . Tracking error in degrees, for the MONTE2 
outer axis 
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....... _ -·-
FORTRAN Common Description Subroutine 

Name Block Defined 

PAX1B STATS Mean tracking error, in degrees, IN IT COL 
for the outer axis 

PAX1V STATS Variance tracking error, in degrees, NAMELIST 
for the outer axis 

PAX2 BALL Tracking. error, in degrees, for the MONTE2 
inner axis 

PAX2B STATS Mean tracking error I in degr.ees. I IN IT COL 
for the inner axis 

PAX2V STATS Variance tracking error,· in degrees, NAMELIST 
for the inner axis 

PH .JOKER The angular rotation for mirror sur- MONTE 
±'ace slope errors MONTE2 

q 

PHB STATS Heliostat optical parameters NAMELIST 

PHV STATS Heliostat optical paramc~ers NAMELIST 

ECO JEFF Radius of the heliostat field cutout NAMELIST 
around the tower (ft) (Figure F-1) 

RCONE SUPPT Radius of the conical aperture half- NAMELIST 
way between the tower and the cavity 
(ft) (Figure F-4) 

RDIF CAVITY Radius of the diffuser NAMELIST 

RFIELP JEFF Radius of the heliostat field (ft) NAMELIST 
(Figw·e F-1) 

RHS TABLE = RRB FINDIT 

R.H.B '!'ABLE Vector from the ray start point to the lNHl'l' 
heliue:;taL hiL puiul 

RRS JEFF Vector from facet center to hit-point FIND IT 
of the ray 

RST TABLE Vector from center of field to ray hit INHIT 
point on a facet 
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FORTRAN Common Description 
Subroutine 

Name· Block Defined 

RSWTC CAVITY Radius of the cavity or diffuser INITCOL 

SCDELT BALL Uncertainty vector in position of the NAMELIST 
aimpoint 

; 

SEP CAVITY Distance of separation between the INITCOL 
- tower and the receiver (Figure F-4) 

SEQ BABA Sine of 23. 5 deg, the solar declination "INITCOL 
angle for summer solstice 

SLDUM CINDEX Horizontal length along ray path from FIND IT 
start point to the point to be checked 
for the closest heliostat 

SMALR BABA . Earth's diameter in nautical miles· INITCOL 
·-

SMAX ffEFF Horizontal component of the ray PTOWER 
from the start point to the hit point 
on a test plane . 

SPACEF. None Spacing factor between heliostats NAMELIST 

SRAD MAPS Radial zones borders measured from POLSP2 
the tower. 

STAZT TOE Sine of the sun's azimuth angle at the INITCOL 
toe-in setpoint 

STELT TOE Sine of the sun's elevation angle at INITCOL 
the toe-in setpoint 

STH BABA Sine of the latitude of the plant INITCOL 

sw SUPPT Support width NAME LIST 

T JEFF Time of the day to be run NAMELIST 
' 

TAZT None Azimuth angle of the sun at the given NAMELIST 
toe:- in time .. It is used to vary the 
toe-in strategy (radians). 

TDISX JEFF Tower distance from center of the NAMELIST 
field in an east-west direction-
where east is positive x (ft) (Fig-
ure F-2) 
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FORTRAN Common Description Subroutine 
Name Block Defined 

TDISY JEFF Tower distance from center of the NAMELIST 
field in a north-south direction-
where north is positive y (ft) (Fig-
ure F-1) 

.TELT None Elevation angle of the sun at the given NAMELIST 
toe- in time. It is used to vary the 
toe-in strategy (radians). 

TH JEFF Tower height Cft) (FLgure F-2) Nl\ MF.T .T~T 
- - -

THE CON SUPPT Aperture oone angle (radians) INITCOL 
(Figure F-2) 

THES SUPPT The angle between the supports AIMPP 

THETA BABA Latitude of the tower (degrees) NAME LIST 
I 

THSL JOKER Mirror surface slope error angle MONTE 
MONTE2 

THSR JOKER Rotation angle of the sun vector to· MONTE 
account for limb darkening MONTE2 

THSU JOKER Rotation angle of the sun vector to MONTE 
account for limb darkening MONTE2 

TIMET None Time of the toe-in setpoint NAMELIST 

TPB STATS Heliostat optical parameter NAME LIST 

TPV STATS Heliostat optical parameter NAME LIST 
' 

TSB STATS Mean of mirror surface slope error NAMELIST 
(degrees) 

'l'SV STA'l'S Variance of rnirror surface slope NAMELIST 
error (degrees) 

TTILT TILTED Tilt of the aperture cone axis INITCOL 

UA .BABA Vector at 235 deg in north-south INITCOL 
vertical plane 

UAXV TABLE Unit vector along the facet axle TRIADS 
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FORTRAN Common Description Subroutine 
Name Block Defined 

UAXV2 BEDTST Unit vector along the facet axle TRIADS 

UAXVP. TABLE UAXV perturbed for tracking error PERT3 
• 

UBEDN TABLE Unit vector perpendicular to the top TRIADS 
plane of the heliostat (Figure 4-25) 

UDNI RANDOM Direct normal intensity (Langleys) IN TEN 

UE BABA Unit vector in the local east direc- VECTS 
tion (Figure 3- 2) 

UHV TABLE Horizontal unit vector along the MONTE2 
heliostat outer axis (Figure 3-25) MONTE 

' 
UHV2 BEDTST Horizontal unit vector along the OFFBLOC 

heliostat outer axis (Figure 3-25) , .. 
UMN JEFF Nominal unit mirror normal vector MIRRN I 

(Figure 3-25) 

UMNNl JEFF Unit vector normal to the sun VECTS 
vector UR 

UMNN2 JEFF Unit vector normal to the sun VECTS 
vector UR 

UMNP TABLE Heliostat unit normal vector rotated PERT3 
for the outer axis tracking error 

UMNPP TABLE Heliostat unit normal vector rotated PERT3 
for both axes tracking errors . 

UMNS JEFF Same as UMN for the hit heliostat FIND IT 

UN BABA Unit vector in the local north direc- VECTS 
tion (Figure 3- 2) 

UNNP TABLE Mirror normal at hit point with slope PERT3 
error and tracking errors (Figures 
4-22 and 3-23) 

UR BABA Unit ray from the center of. the sun VECTS 
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lt4 0RTRAN Common Description Subroutine 
Name Block Defined 

URP JOKER The sun's perturbed unit ray based PTOWER 
on where on the sun the ray originated 

us BABA Unit vector along the path from the VECTS 
center of the sun to the center of the 
earth 

USl JOKER Unit vector in the direction which the PTOWER. · 
ray is reflected from a ~irror 
surface 

UTARG TOE Unit vector along path from heliostat MIRRN 
center to the aimpoint 

UTT TABLE Unit vector tangent to the hit point . PERT3 
mirror normal 

UT2 TABLE Unit vector tangent to the hit point I PERT3 
mirror normal 

UVT TILTED Unit vector along the cone axis AIMPP 

U"'"A'V2 TABLE Unit vector perpendkular to the facet TRIADS 
axle in the plane of the facet 

UXV2P TABLE uxv2 rotated for the. outer axis PERT3 
tracking error 

UXV2PP TADLE UXV2 rotated for both traclting axco PERT3 
errors 

TJl TILTED Unit vector normal to cone axis and AIMPP 
in north direction 

':r2 TILTED Unit vector normal to cone axis and AIMPP 
irt,P.:::!St liirP.~tlon 

WAPMAX TILTED Maximum aperture width (ft) NAMELIST 

WAPMIN TILTED Minimum aperture width (ft) NAMELIST 

WAVL JOKF.H WavP.lP.ngths of solar sper.trum INITC!OL 
divided in equal energy bands 
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F·oR:rRAN Common Description 
Subroutine 

Name Block Defined 
... 

WCELL CINDEX Width of a cell on a field with rec- INITCOL 
tangular cells (ft) 

WCROSS. STRUCT Width of the frame cross beams (ft) NAMELIST 
.. 

WD TABLE Width of a mirror facet (ft) NAMELIST 

WDUM ST.RUCT Half. of the collector width (ft) INITCOL 

WD2 TABLE Half the width. of a facet (ft) INITCOL · 

. WFV TABLE Length of a facet (ft) NAMELIST 

WFV2 TABLE Half the length of a facet (ft) INITCOL 

WJCROS STRUCT Width of the center cross piece on NAMELIST 
the frame (ft) 

WLONG. STRUCT Width of the frame side beams (ft) NAMELIST 

WSIDE STRUCT Height of the frame side beams (ft) NAMELIST 

WTRI STRUCT Width of the diagonal braces i~ the NAMELIST 
top plane of the frame (ft) 

XCM CINDEX The east-west coordinate of a helio- FINDIT 
stat center hit by a ray 

XCSAV CINDEX The east-west coordinate of a helio- RIND X 
stat center to be checked for an 
encounter with a ray 

XDF TABLE Facet axle to axle distance (ft) NAMELIST 

XLTRI STRUCT Length of the diagonal frame NAMELIST 
braces (ft) 

XM None Flux total array MONTE 
MONTE2 

·xp BALL The east-west coordinate in the test FIND IT 
. plane from which a test ray origi-

nates 
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FORTRAN Common Description 
·Subroutine 

Name Block Defined 

XPCOL CINDEX The east-west coordinate of a helio- FIND IT 
stat center 

YCM CINDEX The north-south coordinate. of a FIND IT 
heliostat center hit by a ray 

YCSAV CINDEX The north- south coordinate of a RINDX 
heliostat center to be checked for an 
encounter with a ray 

YFRAC RANDOM Number of days over which the INITCOL 
program integrates 

yp BALL The north-south coordinate in the FIND IT 
test plane from which a test ray 
originates 

YPCOL CINDEX The north- south coordinate of a FIND IT 
heliostat center 
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APPENDIX D 

INPUT INSTRUCTIONS 

All input to this program is in the form of NAMELIST input cards. 

The following variables are in NAMELIST CHANGE: 

C ++++++++NAMELIST DICTIONARY 
NAMELIST /CHANGE/ RFIELD,TH,NSTOPS,TDISX,TDISY,IRAYS,TPB,TSB,PHB, 

1 TPV,TSV,PHV,THETA,MON,IDAY,T,IJUMP,ITl,NRUN,ISRAN, 
2 PAX1V,PAX2V,SCDELT,NLDNG,NLATC,GCOVER,RCO;RCONE,HCAV, 
3 SW,NSUP,D~3,NRZ,NRZF,NAZZF,WD,WFV,XDF,NPACK,SPACEF, 
4 IDRIVE,NNU,WAPMAX,WAPMIN,OFFSET,WLONG,WCROSS,WTRI,GAP, 
5 .XLTRI,HTMIR,HTCROSS,WJCROS,ITOE,IFOCUS,TAZT,fELT, 
6 t·10tH, I DA'r'T, T H1ET ! . 

Appendix C~ glossary of variable names~ and Appendix E, input default values 

and ranges~ provides a description of these variables. 

When preparing NAMELIST input cards~ observe the following rules:* 

1. The first column must be blank. 

2. The second column must contain the character $. 

3. This character is immediately followed by the NAMELIST 

name (change)~ with no embedded blanks. 

*Reference FORTRAN IV Programming for Engineers and Scientists by 
Murril and Smith~ copyright 1968 by International Textbook Company~ 
page 159. · 
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4. The NAMELIST name is followed by a blank. 

5. The items in the list must be separated by commas. 

6. T:q.e order is insignificant~ but all variable and array names 

must have appeared in the NAMELIST list. 

7. The list of items is terminated with $. 

For oxampl<:~~ 

0 0 0 0 0 0 0 0 0 C 0 0 0 0 0 0 ~· 0 0 0 ~ ~· 0 0 0 " " ~· 0 0 0 0 0 0 0 0 '0 :· 0 0 0 0 ·,' :· 0 0 ; D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 1 
I 7 : & S I l I I II II ll ll It 15 li ! 1 '1 :5 l'l 11 11 ll U lS il 21 il 11 !I J! l! !l U U !II ll U U 4a tl U 4l U ft 45 C1 ll t! 50 )I )1 Sl H U ~~ H ~8 5' U 51 6~ U 6t U b1 U U U ~~ J1 l7 rJ ra P1 II l1 f1 J 

all input variables have a default value1 thus those not appearing on these 

input cards 1 but listed in the NAMELIST dictionary~ are set to the default 

VH hlP., 

There must be one group of NAMELIST input cards for each design option to 

be investigated. For example: 

CHANGE i'iPACI<.=4, IRI\YS=l5CQ,R_CONE=l5., !FOCUS::~, 

o a o o o o o o o o o o o o o o " o o o " " o o o r. '' '' o o o o o o o o o " o o o o · • o o ~ o o o o o o o o o o o o o o o o o o o o o o o o c o o o o a o 
1 ! l ~ I I I I I 1111 llll II II lllj llllll J; ll I! !Ill ;j Ji :i 1111 Jll! llllll !i lllj l! I! II 4! ,j ,j 'I •1 ,; II U 1111 IIlli< 1111 ill! I! 11111; llllli 11111111 ::II Jill II IS II:; II· 

· • • I I! 1 I I 1 1 I I I I I I 
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This set of cards specifies three design options to be investigated. Variables 

changed by a NAMELIST input card maintain that value through subsequent 

option executions. Thus, in this case: 

a. All variables not mentioned' on the first group of NAMELIST 

cards take on their default values. 

b. Only RCONE is changed for the second and third option execu­

tions. All other variables maintain either their default values, 

or the values specified in the first NAMELIST group. 

c. IT1=3 is the stop flag. This variable must be set on the final 

option execution .. 
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APPENDIX E 

GLOSSARY OF NAMELIST VARIABLES 
AND DEFAULT VALUES 

This appendix includes the NAMELIST dictionary variables along with their 

default values and meaningful range of value. Definition of these variables 

are given in Appendix C, Glossary of Variables Appearing in Common. 

The default value of each variable shown in this appendix represents the base­

line model which would be simulated upon execution of the program without 

input. Only those variables which are different from those given in this 

table need be changed with input cards to simulate a problem other than the 

baseline modeL 
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Variable Name · Default Range 

DD3 42ft >O 

GAP o. 25 ft >o 

GCOVER 0.3 0-1 

HCAV 46. 1 ft >0 

HTCROSS o. 833ft >0 

HTMIR o. 833 ft 

IDAY 21 1-31 

TDAYT, 21 1-31 

IDRTVF: 1 ' l. 2 
!FOCUS 0 · 0-1 i by integer 

!JUMP 1 0~ 1~ 2 
. -

!RAYS 2 Integer >0 

ISRAN 27641 Integer random II > 0 

ITOE 0 · 0-11 by integer 

IT1 2 1~ 2~ 3 

MON 6 1-12 by integer 

MONT 3 1-21 integer 

NAZZF 8 1-16 integer 

NLATC 5 1-16 integer 

NLONG· 8 1·16 integer 

NNU 8 1 or a only 

NPACK 5 4~ 5 

NRUN 10 Integer> 0 

NRZ 5 1-16 

NRZF 7 1-16 

NSTOPS 11 Integer >'5 

NSUP 3 Integer> o· 
OFFSET 0 . 

PAXIV 0.05 >0 

PAX2V 0.05 >0 \ 
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' 
Variable Name Default Range 

PHB 0 0 

PHV 0 >0 

RCO 120ft >O 

RCONE 20ft >0 

RFIELD 826ft >RCO 

SCDELT 0 

SPACEF 1.1 >0 

sw 2 ft ~ 0 

T 12 hr 0-24 

TAZT 3. 14159 rad 0-2n 

TDISX 0 ft 

TDISY 0 ft 

TELT o. 4948 rad 0-2TT. 

TH 392ft >0 

THETA 33 deg -60 .... +60 

TIMET 12 hr 0-24 

TPB 0 

TPV 0.05 >O 

TSB 0 

TSV 0.05 >0 

WAPMAX 24ft >0 

WAPMIN 1.8 ft >0 

WCROSS o. 385 ft ~ 0 

WD 10ft ~o 

WFV 10ft ~o 

WJCROS 0. 224ft ~o 

WLONG 0. 48 ft ~o 

WTRI 0.177 ft ~o 

XDF 16ft >WD 

XLTRI 4. 681 ft ~0 
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APPENDIX F 

SAMPLE PROBLEMS AND DESCRIPTION OF OUTPUT 

This appendix includes two sample problems, a time point simulation and an 

annual energy time integr.ation simulation, both of the same geometric con-. 

figuration. A reproduction of the input cards for both samples, and a copy 

of the actual output for each sample is included. 

=16~6,SPAECF=1.0, 

Figures F-1 and F-2 show the field layout with tower location and the receiver I 
tower configuration. Any variable shown on the (nput cards and not defined in 

the figures can be determined from Appendix C, Glossary of Variable 

Appearing in Common, and Appendix E, Namelist Variables and Default 

Values. 

The output for each of the examples is numbered to the right of each major 

block of output. Following the listing is an explanation of those major blocks 

of output numbered to match those numbers in the output. 
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Figure F-1. Heliostat Field with Tower 
One-Half South of Center 
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Figure F-2. Diagram of Receiver and Aperture 
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OUTPUT DESCRIPTION 

1. Number with which the random number generator is initialized. 

2. Warning message. Dimensions specified for the cavity diameter have 

been reset. (Does not appear in this sample.) 

3. Summary of heliostat layout. The heliostats are arranged around the 

tower such that a line drawn from the center of a given heliostat to the 

center-of the· tower is perpendicular to the outer axis of the heliostat. 

For each of eight azimuth zol}es, heliostats are arranged in concentric 

arcs. "Polar radii in azimuth zone n" are the distances from the tower 

center to the heliostats• boundaries for each concentric arc. "Polar 

collector count in azimuth zone n" is the number of heliostats within 

each of these concentric arcs (see Figure F-1). 

4. Ground cover summary. Since the field is symmetric for this heliostat 

arrangement, only four zones are listed. The ground cover ratio (area 

of mirror /ground area in a zone) is given for each arc of heliostats in 

an azimuth zone. 

S. Field and heliostat description~ See Appendix C for definition of terms. 

Figures F-1 through F-4 are diagrams of the model of the field, tower, 

and heliostat. 

6. Center wavelengths of equal energy bands for the solar spectrum. 

7. Continued summary of variabl~s describing the field. 

8. Plant locations, date and time of operation. 
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Figure F-3. Tower /Receiver 
Configuration 
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Figure F-4. Heliostat Model (not to scale) with Associated 
Unit Vectors and Variable Names 

40703-II-2 

wouM 



F-7 

9 & 10 •. Receiver and aperture dimensions. Refer to diagram in Figure F-2. 

and Appendix C for definitions. 

11. · Short option summary. 

· 12 •. Tracking error factors. 

13. Elevation and azimuth angles of the sun. Direct normal intensity (KW/M2). 

14. Conversion factor = total possible power ~al~ing on the heliostat field. 

15. Number of rays to be traced. 

16. Description of headings for ray trace results. Most are self explanatory. 

Reflectance refers to that property of the mirrors. 

Rays which "whistled thru" refers to those rays which entered on one 

side of the aperture and left on the opposite side, without entering the 

cavity. 

"ONBLOCKS" are reflected rays that wer.e blocked by a different, part of 

the same heliostat. 
.'.·· 

"OFFBLOCKS" are refle~ted rays that were blocked by a part of a 

different heliostat. 

"Cleanly away from field" refers to rays that are not blocked by any 

heliostat after being reflected. 

17. Type of simulation. 

18. Calculated mirror area and direct normal intensity of the sun (KW /M2); 
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19. All values are given in KW/M2 of mirror. 

20. Tracking efficiency. 

21. Summary of frame hits and blocks. 

22. Onblock, oftbiock ray hit summaries: a grid showing a) the hit facet, 

b) the facet blocking the reflected ray (used mainly for debug). 

23. A map of flux on the tower cavity, zoned by height up the wall and azimuth 

position. For time point the units are MW /M2• For time integration the 

units are MWH /M2• · Figure F-~ is a diagram of the flux map structure 

of the receiver walls and roof. 

24. Summary of flux on the cavity walls. Coltiinns one and two show the 

range of the wall covered. Column three shows the average flux in this 

ring per square foot. Column's four and five show the resultant running 

sums of the total flux on the ring from bottom· to top. Columns six and 

seven do the same thing from top to bottom. Flux is measured in MW for 

time point and MWH for time integration. 

2 5. A map of flux (MW /M2 for ti~e point MWH /M2 for time integration) over 

90 equal area zones of the roof. The zones are divided into four radial 

~ections and 16 azimuth .sections (0° is north, 90° is east, etc.) (see 

Figure F-5). 

26. A map of flux (MW /M2 for time point, MWf!../M2 for time integration) on 

the roof. The roof is zoned into five equal area concentric doughnut 

shaped sections (see Figure F-5). · 
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27. A map of incident flux on the mirrors. The field is zoned into a 10-by-10 

rectangular grid. Units are MW /M2 for time point and MWH /M2 for time 

integration (see Figure F-6). 
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10 X 10 FOR FIELD MAPS 

WCELL 

Figure F-6. Heliostat Field 
Zoning 

28. A map of hits on ,the mirrors. The field is zoned into a 10-by-10 

rectangular grid. 

29. A map of redirected flux on the mirrors (KW for time point, KWH for 

time integration). 

30. A map of flux lost to shadowing. Units are KW for time point and KWH 

for time integration. This map includes shadowing froin heliostat to . 

heliostat as well as facet-to-facet shading. 

31. A map of flux lost due to heliostat-to-heliostat shading. Units are KW 
for time point and KW!l for time integration. 

32. A map of flux lost due to blockage .. Units are KW for time point and 

KWH for time integration. 
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33. A map of total flux on the mirrors, i.e., the sum of grids 30, 31, 32 

and 33. Units are KW for time point and KWH for time integration. 

34a, b, c. Maps of losses divided by total flux on the mirrors (grid 33). 

3.5a, b, c, d, e. Maps of the origin on the field of these rays which did not 

enter the cavity. That is, the origin of those rays which: 

a. Missed high 

b. Missed low 

c. Missed across the front 

d. Entered through one side of the aperture and went out the 

other side 

e. Struck corbels 

36. SL array is a weighted ranking (0-9) of the field in a l0x10 rectalinear 

array. 

****additional output for time integration run**** 

37. A rnap showing origin of the redirected rays which entered the cavity by 

month of the year. The field is divided into four sections, where the 

axes are north-south and east-west. Column 2 shows hits in the NE, 

column 3 shows hits in NW, column 4 shows hits in SW, column 5 shows 

hits in SE, column 6 is the sum of columns 2 and 3, column 7 is the sum 

of columns 4 and 5 (see Figure F-7). 

The row showing month 13 Ls the sum of months 1, 2, 11 and 12; row 14 

is the sum of months 5, 6, 7, and 8; row 15 is the sum of 3, 4,· 9 and 10. 
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Figure F•7. Field Zoning 

38. A map similar to the one described in 37. except the axes that define the 

quadrants of the field are diagonals. i.e .• from NW to sE· and NE to SW. 
I 

See Figure F-8 for explanation of quadrant system. 

Figut_e F-8. Field Zoning 

39. Maps of the origin of redirected energy (in KW) zoned .in the same way as 
the ray count maps discussed in 37 and 38. 
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en 191= •77.6 
Rc 1'7H::~ 614.8 
Nc 1S1= ana.c. 
Rl 431•100~.9 
.. , "11=121h.7 

~~ ~I= l1~.l AI 
~~ 121• JSn.3 Rl 
•c 201• 496.5 Rl 
~~ ?.81• 655.~ Rl 
Ql l61• 9lt.S ~~ 
01 441•10ll.6 RC 
Ql SZ>•I269.3 . PI 

NC J)o 
Nl 9Ja 
Nl 171• 
NC 251• 
NC ]]I • 
NC CtlJa 
NC tt9):~ 

POLAW COLLECTOR COUNT IN A>I~UTH 70'1( 2 

l HI Zl = 
3 Nl 101 = 
S Nl 181 = 
7 '" 261• 
.._ Nl )Ctl = 

II Nl 4ll• 
14 Nl SOl• 

Z Nl 31 c 
It Nl 111 c 

6 NC 19t= 
7 Nl :?7p::t 
q "''tt lSI= 

12 '" 4]1= 
)4 NC 'ill• 

POLAR ~AOII IN Ali .. UTH ZnNf 

? ~· 4tl= 
c. 'II Ill= 
6 Nl 2UJC 
'\ ..,, 2tsJ = 

1 0 N C )b I a 
l? ,.., ,. .. , = 
l'i ~~ Sll• 

NC SJc 
c. Nf Ill= 
6 Nl Zll• 
~ 'II 291• 

10 Nl l71• 
12 Nl 451• 
IS Nl 5ll• 

NC 61= 
4 HI 141= 
~ HI 2ZI• 
9 Nl lOI• 

II Nl l81 • 
l_l Nl 461 • 

] HI 7h 
S Nl lSI• 
7 Nl 231• 
q Nl 311• 

II NC 391• 
14 NC 471 c 

l NC IU= 
s .,, 161= 
7 "J I 241 = 
9 'II 321 = 

II Nl 401 = 
14 fol( 481 = 

!>I• 230.6 
Ill= 367.9 
211• 515.6 
2~1 • 67b,S 
371. 855.0 
451•1058.6 
'i31=1303.o 

AI 6J= 247,4 
Q( 14)c J8c;,8 
RC l21= SJtt,9 
Rl lOI= 697,7 
At l8Jc 87~.9 
P.l ~61 =108~. 7 
Ill 

Nl 71• ?64.2 
Ml 1~1= 40].8 

NC 61 = 
4 NC 141= 
6 HI 221= 
A Nl ]OJ• 

10 "' 381. 
13 HC 461• 
Ill Nl 

.HC,lJ::c:;c;4.4 
Nl 111• 719.2 
Ml l91• qQ).2 
Ml 471=111<;.2 

J HI 71: 
S Nl lSI• 
6 NC 231• 
~ ... ]II= 

II 'II 391 • 

13 "' 471= 

3 ... 81. 
5 Nl 161• 
7 NC 24Ja 
9 NC l2Ja 

11 •H 401• 
lJ -~~ 48) D 

Rl II• 165.0 
Rl 91• 2~~.7 
Rl 171• ~3].9 
Rl ?51• 582.8 
AI Jll • 7~5.4 
PI 411• 926.4 
RC 49J=llll,flt 

til 21= 1~1·6 
fl( 101= 312·'­
HI 1Aizr 4'\1e9 
loll ?.f!IJ:::I tllllel 
WI )lt)C 71\6.Q 
~~ 4ll= 9Ci0eft 
WI 501=11~2.1 

~~ Jp:z )Q7,R 
we l)pz 32'-left 
Rl 191= 470.0 
AI >71= 622.1 
~~ "\SJ= 7~tt.7 
NC ~31~ 975.3 
WI 'iii=IIQJ.2 

loll ftl a 21 ),8 
~· 121• ]46 •• 
:II 201= Ct8R.4 
~I 2RI• 642.0 
~· ~61= 910.8 
~~ 441=tooo.• 
Ql ~21•1221.1 

Rl SJ• 229.9 
AI Ill• 363.6 
"' 211• S06.9 
"' 291• 662.Z 
Rl HI• 83l.l 
PI 451•1026.0 
Rl ~JI=IZSI.7 

A:C 6)D 24he2 
Ill 141. 380.9 
NC ~ZJa S?Cie6 
Rl lOI= 6A?o6 
A« JSJ • es~.o 
AI 461=105~.1 
Rl ~41:1281.3 

NC 7)c ?.6~.5 
WI t,J= 1"1Ae4 
W( ;.JJa S41t.5 
QC l&l= 70Jel 
Ml ~91= ~79.1 

"'' 471:qn7A.7 
WI '?Sici31S.7 

Nl II= 
NC 9)a 
Nl 171 II 
HI 251 • 
"' Jll• 
Nl c.l)a 
NC 491• 

POLAN COLLECTOR COUNT IN All,.UTH ZO~E 

Z Nl 21• 
) '" 101= 
S HI 1~1 • 
7 HI 261• 
9 Nl 3~1= 

II Nl ~21• 
I• Nl 501• 

2 NC Jpz 
4 Nl Ill• 
S 'II 191• 
7 N C .?.71 • 
9 HI lSI• 

)1 NC 4)p:z 

14 NC Sll• 

POLAR ~AOII IN aZIMUTH ZnN< 

,.. I Ctl c 
c. Nl lCI c 

, ~· 201 = 
7 NC 2HI= 

9 "' lbl = 
·1? ~~ CtCtl• 
14 ._,, ::;~J c 

Z Nl ~I • 
4 Nl Ill c 
6 Nl Zl I • 
8 "' 291. 

10 Nl 371• 
ll Nl 451• 
15 Nl 531• 

J NC 6)= 
4 NC 141• 
~ Nl 221• 
~ NC JO) 111 

10 Nl ]81• 
12 Nl 461• 
IS HI 541 • 

l Nl 71• 
S Nl lSI• 
6 Nl 231• 
8 Nl ll I • 

I 0 N I 391 • 
ll Nl 471• 
IS NC 551• 

3 '" 81= 
s ... 161. 
7 f'l( 24) II 
A Nl l21• 

II Nl 401• 
13 "'' 48). 
16 ICC 

RC lJa 165,0 
Rl 91• 29l.6 
RC 171• 428.2 
RC ?51• 572.6 
QC Jll• 729.3 
PI •II• 902.l 
PI 491•1097.8 
Rl S71•1328.0 

NC 2'1= 1Ale6 
WI 101• ·.ln9.9 
HI 181• ~45.~ 
Ill 261 C 'i9J.4 
Ql 341= 7c.9.Q 
R«.•2•• 9>S·l 
... 501•11?4•1 
AI 

HI l1= tcn.a 
"' II>• 3?6.4 
Rl 191• 4~3.3 
HI ~71• 610·5 
Rl 3S1• no.8 
AC C.))c 948.7 
Rc ~II•IISI•4 

Ql ,.,. 213.6 
Ql 121• l4].0 
~~ 2QJa 41:S)e0 

we SJ• ZZ9,4 
PI Ill• 359.6 
Rl 211• ~99.0 
Rl 2~1• 649.2 
Ill 371. 813.4 
A C ~51 • 996.6 
Rc c;JJIIIJ207,4 

Rl 61• 24~.3 
Af l4Jc 37~.6 
qc Z21• Sl7.t 
RC 301·= 668.9 
qc 381• 8l~.z 
Rl ~~>•1021•2 
AI !t41alZl~.4 

HI 71• ?6t.z 
Ml )51: :\9),7 
RC ?lJ• c;)S•" 
N C 1ll a ~8Re8 
we 191• ~s1.2 
f:ll tt71=tn~.t&.J 
Ml ~51•1?6 .... 1 

NC 11• 
NC 9Ja 
•cc 111 • 
'II 251• 
Nl Jll• 
NC c.U• 
Nl Ct91lll 

)NI S7l• 

~· 2~--· 6l9.7 
~· 361• 792.0 
q( 441• 972.5 
RC S21•1179.1 

POLAR COLLECTOW COUNT IN A7I,.UTH ZO~E 4 

Z NC 21• 
J Nl IOi• 
S NC 181 • 
7 NC 261• 
'I NC 341= 

II NC 421• 
ll NC 501• 
16 Nl 

Z Nl )I• 
4 HI Ill• 
S NC 191• 
7 "' ?71• 
9 Nl lSI• 

II HI 43>• 
I J "'C Sll• 

Nl 41 c 
4 NC 121 • 
6 Nl 20>• 
7 Nl 2HJ• 

9 ~· ]~·· 11 ,.., 4«t)D 
,. .., 5ll• 

Z Nl 51• 
4 Nl Ill• 
6 NC Zll• 
8 Nl 291• 
9 Nl 371• 

12 NC 451• 
14 N( ill• 

Nt 6J• 
4 Nt 14)::1 
h NC 2ZI• 
~ Nl lOI• 

10 NC 381• 
12 Nl 461• 
lit Nl 541• 

40703-II-2 

Nl 7J• 
4 NC lSI• 
6 .. , 231. 
8 "' 31,. 

10 NC 39h 
IZ IIC ~71= 
IS Nc SSI• 

l ... 81• 
'i Nl 161• 

6 '" 241• 8 NC .)lh 

10 "' 401. 
13 Nl 481• 
IS Nl ~61• 

qc Jtl= ?ttJ.6 
~~ lt~,Ja 4Ztt.S 
q( l41= 58~.9 
q( 121. 75~.6 
Rl 401= Q50,l 
~I 481•118H.S 

) 

s 
7 
9 

II 
14 

qc 81= 281.1 
q1 161• 42z.o 
~· ?41• 57~.2 
qc JZI= 741.1 
RC 401• 921.9 
IH 4f!l) •1144,4 

o1c 8J= tt7v.o 
olC t")a 416.1 
~~ ?41• Sbl,6 
:fC :lZJc 724.2 
:fC 401= 90c.s 
~I 4RI•II0~.9 
qc 

3 
s 
7 
9 

II 
13 

.ift fU• 277,3 
~· 161• 410.8 
~~ ?41• 5SJ,9 
~~ 321• 70H.9 
~~ 401• A7'#,6 
qC 491•1071.8 
.if( «;61•1296.6 

1 
s 
7 
9 

II 
I J 
16 

(1) 

(2) 

(3) 



F-14 

POLA~ RAOI I IN AZI~UTH ZONf '5 

RC II= 165.0 RC 
RC 91=· 29lo6 Ill 
RC 171:·428.2 RC 
RC ~51: 572.6 RC 
RC lll•. 729.) RC 
RC 411•.902.) I<C 
RC 091•IO'f7.e MC 
PC S71•1328on RC 

21 = ·~··!> 101= )09.9 
181. 445·6 
261• 591·• 
341= 749.9 
421= 9?So) 
50I•JJ24o) 

MC l1= I97.H 
R C Ill= l26o4 
RC 1"'1= 46lol 
RC 271= 610o5 
Rc JSl= no.8 
R I 4)p:: 948.7 
PC ~ll•ll'<l•O 

QC 41• 213.6 
oc 121• )4).0 
QC lOJ= 1t8J,O 
RC 281• 629.7 
QC 361= 7 .. 2.0 
j)( ltCti::Z 972.5 
•C 5ZI=II79.1 

RC 51= Z29o4 
RC Ill• 359.8 
'" 211= 499.0 
Rl 2lll= 649,c? 

'" )71• 813 ... 
PC 4SI• 9Y6.6 
"' 531•1207 •• 

~~ 6l= Z'tt;,J 
RC 141= 37~.6 
Ill ~21= 517ol 
RC JOI= 1)61h9 
QC l81= 8l~.2 
I>C 4~1=ln21·2 
RC ~ltl=l?.Jt~t,4 

NC 71= 21,1.2 QC 
HI 1!>1• 391.7 OC 
Rf ~ll• ~]~,4 q( 
~( 111: ~AA,A -~f 
RC 19): ~S7,2 ~f 
~o~C t.7)cJn411.,J ~( 

1< c ~51 =I ~6~.1 II c 

llla 277,3 
16)a 410,8 
?4)• 55J.9 
12)• 701:1.9 
40)• 4711,6 
49tElQfl,8 
~f\)•129&.6 

POLAR COLLECTOR COUNT IN A/I~UT~ ZaNE 5 

Nl 1) c 
NJ 91= 
N( 17)a 
NC 251·=· 
N( 3JI = 
NC Ctll a 

Nc "9J• 
NC S71 :a: 

2 NC 
3 NC 
S NC 
1 NC 
9 NC 

21= 
101= 
181= 
261• 
)4): 
421= 
SOJ• 

2 
to 
5 
1 
9 

NC ll= 
NC Ill= 
N( )9pz 
NC 27P:r 
N( 351 • 
NC 4ll = 
NC ~U• 

2 NC . ~· 
' ~· 1 . ~· 

2 
4 
6 
8 
9 

Nf 5): 
NC Ill= 
NC Zll• 
NC 291= 
N( )71• 
NC ttSJa 
NC 531• 

• 
6 
8 

10 

NC 61= 
Nl lltl= 
NC 221= 
NC lOI= 
N( )81= 
NC 46J= 
NC 54J• 

• 
6 
8 

Nf 7): 
NC 151• 
NC Zll = 
N c Jl) D 

NC 391• 
,.,, 471• 

) 

5 
6 
8 

..,, Ill•' 

... 161• 
"4C 24) D 

,., Jllo 

l" 
; 
1 
9 

II 
II NC 
13 NC 
16 NC 

II 
ll 

9 N( 
II ~~ 
h NC 

POLAR NAOII IN AZI~UTH l~N< 6 

12 ... 12 ... 
10 
12 
IS Nc sr;t• 

10 
ll 
15 

'H ~DI• 
Nf ct8) • 
Ill( 561• 

RC II= l65o0 Me' 21• Jq).6 
Rl 91= 295.7 ~~ 101= 312.4 
PC 171= 43l.9 Ill 181= 45lo9 
RC ?51• 582.@ RC ?61• 6n2.) 
RC Jll: 745.4 QC l41= 7~6.9 
PC 411• 926.4 ~~ 47.1= Y~0.6 
PC 491•11ll.6 ~~ 501=11~2·1 

~· ll= 197.8 
Rl ill= 329.4 
RC 191= 470.0 
HC ?71= 6Uol 
IH )51= 7AAo 7 
AC 431= 975.3 
PC 511=1191·2 

91 41= 2llo8 
~~ 121• 346.4 
~~ 201= 48P.• 
•• 291= 64?..0 
••. 161= 810.8 
oc 441=1000.4 
., !>21•1221.1 

RC 51• 229.'1 
ill Ill• 363.t. 
Rl 2ll= S06,9 
RC 2~1= 662.2 
"' 371= 8ll.2 
RC 451=1026.0 
PC ~l1=1251.7 

RC bJ= 24.r..,2 
iii 141• 39o.9 
111 ~21• s2~.6 
RC lOl• 68~.6 
QC J81• A5~.0 
'" 461 =1052.1 
IIC ~41=1281.3 

N( 7): ~,,,5 
Ai !51= )9A.4 
NC ?lie 'i44eS 
W( 111: 701,) 
N( ''Uc j:HQ.1 
we 47)cJn7~.7 
we ~51=131~.7 

NC lJ:~t 
tH 9Ja 
NC 171 c 

NC 251 = 
NC lll= 
Nl 411= 
NC 49): 

POLAR COLLECTOR COUNT IN A71~UTH ZaNE 6 

2 NC 21= 
3 NC 101 • 
5 NC 181= 
1 N C 261 = 
9 ... l41 = 

II NC 421= 
I• 1<1 SOl= 

2 NC 31• 
4 NC ill= 
5 NC 191• 
7 NC 271= 
9 NC lSI= 

II "' 4ll = 
14 NC <;ll= 

POLAR RADII IN AZIMUTH ZONE 

"' 41 = 4 ~~ Ill= 
~ ~· 201= 
1 ~· 2bl= 
Q ""' )b)= 

IZ ~I 4'tl• 
•• "' 521 = 

NC SJ = 
4 •CC Ill• 
6 NC 211• 
8.NC291• 

10 NC 371• 
ll Nl 451• 
IS NC Sll• 

NC 6J= 
4 NC 141= 
6 NC Z21= 
B NC lOI• 

10 NC l81•. 
12 Nl 461= 
IS NC 541= 

) NC 71• 
5 NC 151• 
6 NC 2ll• 
8 .. , lil• 

10 NC 391• 
ll .. , 471• 
IS Nc 551= 

l ,., 81• 
5 ,., 161• 
1 "I( 24)2 
8 ... 321• 

11 tJC 40) 2 

ll •II 'tBI• 
16 ... 

oc II• 165.0 Ill 
Rl 91• 2Y8.2 NC 
RC 171• •40,) KC 
Rc 251= 594.1 Rc 
Rc JJJ= 763.? we 
PC 411= 95lol RC 
Rt 491=1174,) RC 

CJ:: l'tl•6 
101= liS·• 
lRI• 4'58e~ 
261= 614•1 
l41= 785·~ 
421 = cns.a 
SOJ=l2t'IS•l 

A( )):1 197.~ 

RC !II• 332.8 
Nf \9J• 477e6 
Rc ~7J= 6)c..tt 
Rc :iSl= 80~•• 
1> r· 4ll = 1 oo•· ~ 
Rc ~••=1236.7 

Ql '-Joz 214,) 
QC 121= 350ol 
OJI ZOJ• et9(a5 
IIC 281= 655.5 
•c l61= 8l1.s 
oc 441=1031.6 
Q( 52)=12bQ,) 

we ~I= ZJ0.8 
RC 131= 367,9 
AC 211• !>1So6 
Rc 2~1· 676.5 
we J11• &55.o 
RC 4SI=J058o8 
~~ 5JI•IJOl.O 

Q( 6): 2,..,. ... 
Rl 141 = 38~.8 
flf ZZl• '3J4e9 
Rc JOI• 697.7 
RC J8l= A7R.9 
PC 461=108,.7 

6.( ~ 7) ;a. ~-.,. .l 
NC 15): 40'],8 
N« ~J, • c;c;.,,c. 
W( 111• 1J9oZ 
NC )91• 90l•2 
Rc 47l=Jil'i·2 

NC U= 
NC 91= 
NC 17Ja 
NC 251= 
Nl 1

)))c 
NC Ctl) = 
Nl \91 = 

POLAR COLLF.CTOR COUNT IN AZI~UTH laNE 

NC 21= 
Nl lOJc 

~ NC 181= 
7 NC 261= 
9 Nl )4J:z 

II NC 421• 
I~ Nl 501• 

2 NC lJ= 
4 NC Ill• 
6 NC 191= 
7 NC 271= 
9 NC JSJ= 

12 NC 4ll= 

·~ "'' 511= 

2 ~· 41= 
4 NC 121 = 
!> NC 201 = 

q "' 2bl = 
tn ""' lbJ = 
12 NC 41ol = 
I~ 'II >ZI = 

POLAR NAOII IN AZIMUTH Z~NF 8 

2 Nf Sl= 
4 Nf -:13J = 
6 NC 211 = 
8 NC 291• 

10 "' 371= 
12 ... 451= 
15 Nl 531• 

"' 

NC 6t= 
lo NC 141= 
~ NC 221= 
R NC )OJ= 

10 NC l81= 
13 NC 461= 
Ill Nl 

J NC 7) c 

5 NC lSI• 
6 NC 2ll• 
8 NC lJI• 

II NC l91= 
ll .. , 471• 

) NC 81• 
5 NC 161• 
1 ~( l4Ja 
9 .. , 321• 

II Nl toOl• 
lJ .. ,, ft8) = 

RC ll• 165.0 
PC 91: lOI.2 
PC 171= 4<o7.4 
Rc ?51= 60t>.6 
PC Jll• 782.8 
RC 411• 98l.O 
'" 491=1221.1 

RC 21= 1Alo6 
NC lnl= 318.9 
NC 181• 4~6.6 
Ill 2!>1= 6?.7.1, 
RC )et)c Ro6,J 
RC 42J=IOI0ol 
RC 501•1254.9 

RC ll= I9Hol 
RC Ill= ll6o7 
Rc 191= 48S.9 
Rc ~71= 648.8 
R C 151 = 8l0•2 
Rc t.3l=tOJ8,2 
Rc ~11=1289.7 

Rl 41= 215,1 
Q c 121 = 3!>4. 7 
11c 2o1= sos.• 
IIC 281= 670.4 
QC l61= 8!>4.5 
QC 441=1066.1 
Ill 521•1325.9 

Rc ~~· 2n.o 
RC 131= 372.9 
IIC 211• 525.2 
R C 291 = 692.2 
Rc 371= 879.3 
AC 4~1=1096.0 
RC 

RC 6J= 24Q,J 
RC 141• 391.2 
RC lll• 54~.2 
RC 301= 7l4o4 
RC :t8J= Q04,S 
RC 46J=ll21t,O 

MC 11= 26~.3 
HI J~l= 409.8 
HC :Jll c t;6t:;,4 
RC 'l)c 7],,8 
RC J91: 930•1 
RC 471=11S,.8 

NC II= 
... 9) = 
NC 171= 
..... ?5):1 
NC Jll= 
NC 411= 
Nl 4YI~ 

POLAR COLLF.CTOR COUNT IN A71~UIH ZONE 8 

2 NC 
3 NC 
5 NC 
1 N( 

Y NC 
12 ... 
IS NC 

21= 
101= 
181= 
261= 
l41 = 
421= 
SUI• 

2 .. 
6 
8 

10 
12 
10:. 

•cc ll = 
toif 11 )C 

NC J<j,: 
NC 2?1 = 
NC 351= 
Nl 4)J = 
Nl 511" 

z 
4 
~ 

" 10 
IZ 

·~ 

,., .. , = 
NC Ill= 

"' 201 = 
NC 281 = 
NC lf>J = 
""' It&t)= •cc >tl ~ 

2 

• 
b 
8 

10 
ll 
If> 

Nf 51= 
NC Ill= 
NC 211= 
NC 291= 
N( 371 = 
NC 451 = 

'" 

40703-II-2 

) 

• 
~. 
A 

II 
13 

NC 61= 
... 141 = 
NC 221• 
NC lOI = 
NC l81: 
NC 461= 

) 

5 
1 
9 

II 
14 

NC 7) c 
NC 151• 
NC Zll = 
NC lll= 
NC )91= 
NC 47) = 

l 
5 
7 
9 

II •• 

NC 81= 
'll 161• 
,.,, 24). 
N( J2):r 
Nf 40)o 
N( ct8)• 

11 
16 

~ c 81• 27Y.O 
~~ i61• o1t..1 
Cfl ?41= S6J,6 
q( ')2l• 72 ... 2 
~· 40)= 90~.5 
oc 481•110'>.'1 

~· 

) 

5 
7 
9 

II 
ll 

a( ltJ• z~a.t 
Qt tftl• 42l,O 
ofC ;.-c..J• 57-..Z 
~~ J21• 74iol 
qc tool• 921.9 
Q( 41ill•ll••·· 

) 

5 
7 
9 

II ... 

AC 81• Z8J.6 
qc 161• 4211.5 
Af 2'4)• 58.,.9 
qc 321• 75~.6 
Q( 40)• 9':tb.J 
"' 481•1lh.s 

l 
5 
7 
9 

II ... 
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GROUND COYEP I" .POLAR 70NE (4) 

GCI ll• .381 ucc 21• .347 GCI 31• .Jlh r,c t 41• .290 GCC 51• eltOO (,(( b)= • 371 GC I 71 = .144 

GCI 81• .JZJ GCI 91• .JOO GCI Jr. I= • 375 c;c t Ill= .352 GCI 121= .n2 GCI l)J = .HJ Gr.c 141 = .Jb9 
GCI !51• .Jit9 GCI lt.J= .331 GCI 17, .l;l .314 (i(( 181= .357 GCI 191= .340 r,c 1 201 = • )~3 GCl 2ll= .307 

GCI 221= .34? C.CI 2JI c .JZ~ GCI 2~J = .Jll GCI 251 = .296 r,c c 261= .J2J C,CI 271 = .109 GCC 28J= .l~5 

GCI 29J= .Zil? GCI JOJ = .JO) GCI ))I= .289 GC I li!l = .276 GCI ))I: .264 GCI )41 = .>80 GCI 351= .>68 

GCI )61 = .256 GCI 311= .26~ GCI )AI= .Z~b GC I 391 = .244 GCI 401= .2l3 GCI 4ll= .>42 'fiCI 421= .~JO 

GCI It)) • • 219 GCI 44)C .22~ GCI 451 = .214 GC I .. 61= .?18 GCI 411= .207 (j(( ltHJ = .J95 GCI 491= .t~7 

GCC SOJ • .185 GCI r;))a .114 GCI 5>1 = .IIJ GCI 

GROUND COYEW IN POI.AR lO~E ? 

C.CI II• elH) GCI ?I• .J5o; GCI :H= .ll5 GC I· 41• .298 GCI 51= .'+13 GCI bl• • ]81 GCI 71= •. 156 

GCI 81• .JJJ GCI 91• ;311 GCI 101= .390 GCI IiI= .367 GCC 12l= .3'-b GCI llJ = .J26 GCI lltl= .186 

GCI 151• .lh5 uCI ),)A .346 GCI 17l = .)~9 GCI IBI= .)15 c;cc 191= .357 GCI 201 = . ,,.n GCI 2ll= .J~It 

GCI 221• .J~9, 1r.c' 23J c .344 GCI 24JC .329 GCI 251= .314 GCI 2f\)c • 300 GCI 271 = .]28 GCI 281 = .314 

GCI 291• .101 uC I 1n 1 = .2a~ Gr. I lll= .JIO GCI 321• .296 GCI ))) = .2H4 GCI 341 = .~72 GCI 351= .289 

GCI )61• .211 GCI :'\1)• .265 GCI lAt= .279 Gt.:l )91 = .26~ c;cc lt('i)a .255 GCI 41) =· .243 GCf 421 = .>54 

GCI ·431 = .242 GCI 441= .231 Gt:l 4c;)c .ZJ9 GCI 461= .?27 c;cc 471 = .216 GCI 481= .221 GCf lt~J= .?10 

GCI SOl• .199 GCI c;l)c .201 Gr. I 5?) 'C .190 nt t 531 = .191 c;r.c 
I 

GROIIND COYER 1 .. POLAR lONE 

GCI ll• .Jill GCI ?I• .357 GC I 31• .llJ GCI ••• • 306 GCI 51= .425 GCI 61= .195 GCI 71= .368 

GCI 81• .llt4 r.cc 91• .323 GCI lOl= .tt04 GCI Ill= .381 GCI 121= .359 c;cc Ill= .··u.o GCC 141 = .402 

GCI 151• .381 ~CI lt.l= .362 GCI 17t= .344 GCI 181= .)28 GCI 191= .37'+ GCI 201= .)57 GCI 211= .341 

GCI 221• .lZS GCI 23) = .l6J GCI 241= • 347 GCI 251 = .332 GCI 2~•= .318 GCI 271= • 104 GCI 2Rl= .JJJ 

GCI 29Jo .319 GCI )OJ :r .JO~ Gr. I lll= .293 GCI )2) = .317 GCI 331= .304 GCI )4) = .?ql GCI 351 = .279 

GCI )6) = .2~8 GC!' )11= .285 GCI lfd= .274 r.c 1 )91 = .289 GCC 401= .277 GCC 41»= .~65 GCI 421 = .~54 

GCC It)) • • 265 r.cc 44)C: .254 GCI lt5)= .24) GCI 461 = .zs1 GCI 411= .240 GCI 41U= .U9 GC I ft'i) = .~JS 
GCI SOl= .224 GCI Sll= .211 GCI S?l = .217 GCI 5Jl = .206 GCI !)4)11 .195 f;CI 551= .t9~ GCf 

GROUND COYER IN POLAR !O'IE 

GC I II• .ldl ~CI 21• .)57 GCI Jl= .3)6 GC I 41= .314 GCI 51= .437 GCI 61• .40'.1 GCI 71= .)lq 

GCI Bl= .JSS GCI 91= .lll GC (. IOI= .418 GC f Ill= .Jq4 GCC lll= .373 GCI Ill= .153 GCC 141 = .JJ4 
GCI 1!'1= .Jq7 GCI 161= ,)77 GCI l7h: ... )59 r.c c I AI= .342 Gtc l9ls: .)92 GCI 20.1 = .174 GCI ill= .157 

GCI 221= .342 GCI 2J)c .327 GCI 241 = .365 GCI 25l= .)50 GCI l~l = .JlS GCI 2il= .121 GCI 28• = .]52 

Get 291• .JJ8 ~CI 30)= .3~4 GCI lll= • Jl 2 GCC 321= • 331 GCI :.Jl = .323 GCI 341 = .111 GCI 3~1= .298 

GCI l6J• .Zd7 GCI 37) = .JO~ GCI )AI :c .294 GCI )91= .28/ r.c c 40l= .29d GCI 4ll= .?.87 GCI 421= .?.15 

GCf 4)1 = .264 GCI 44):C .27h GCI 4~) = .265 GC.:t 4bl= .zsc. GCI 4 7) = .26 .. GCC 4Rl= .>53 GCI 49): ol42 

, GCI SOJa .211 GCI 1\), = .?.JP GCI S?l = o277 G(( 531 = .217 GCC ~··= ·221 GCI 551= .>10 GCI 5~1 = .?13 

GCI 571 = .20?. uCI 

HEL I Aw I YEASIO'I I Jo Tl ~E POI .. T ANI)/OD AN'-'UAL E'IEAG1 (5) 
QOUNO FIELO WITH LOo PAO<ILt "Ell OS TATS 

NSTOP~ .. coL RrtEI 0 TOWEW " GCOVER 

II JSQ6 81R.OOO 415.000 .300 
. ' 

NHF WFV ., XDF ALEN SPACE< 

4 IO.H IO.JA 16.60 .. 9.80 1.00 

GAP WLO'IG •CROSS .,~, ALTAI WSIDE WJCAO< HTMIA oHCA05 

.zso .480 .385 .177 4.681 .1::140 .• 224 ;an .8)) 

TH~ r.E,.,.TER >IAVELENC.IHS'OF THE TWENT1 EQUAL ENEAu1 BANDS (b) 

• ~9000 .44000 .4~ooo .51000 .sc.ooo .57000 .60000 .63000 .~6000 .70000 

.740f'ln .7A000 .82000 .81000 .96000 1.02000 1.08000 1.~2ooo 1.48000 1.6~000 

TDJSX TDJ51 AFIELO RCO 
(7) 

o.ooo -•w.ooo 2336?.11. 678 165.000 

3121/SO 
(8) 

LATJIUDE= 35.6• ... ouR 12 ~IN 0 

CAVIll NtLt'.l v't:~ ~f'!C! (9) 

SEP Dill DDZ ~uJF "CAY DOl AIHHGT 

19.) 26.3 45.9 o.o s.c..o •~.5 q.b 

A CONE T~ECO'I HTOT TTJLT 
(10) 

IA.06 ... , Jq.Z9 o.oo 

liAPHAX ·A~<4J~ OfFSET 
zs.o 18.3 o.o 

I>AOG~AM OPT 10'15 11~EO 
. (11) 

INOIYIOIIAL FOCU<INr. 
INOIYIIIUAL TOE-IN 
TO~I~ <TR~TFfoY FOR J/?1 ~~ llo9 
fACEIS GA"'GED 
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~LZ 
55.7blM 

F-16 

HfLIO;TAT UOJICAL PARAHET£><5 

PAX IB r·A,X?B 
o.ooooo o.noooo 

THUAl JCI(W~I 

!IQ.S•IS8 .Q8072 

.......... 

•~s 
o.ooooo 

CONV[OSJO"' 

~"~ 
o.oouoo 

F'ACTOI-I = 

PfoXl\f 
.IJ>;OO 

P6X?,V 
.11SOO 

<TATISTJC~ <QR HOO RAYS Pf;J QU~ 

••••••••••OUTPU.T CODE•••••••••• 

ETAI=fWACTIO"' Of FJELD fLU' TH•T HIT MIRRORS 
ET A?.=Rt'fLF.CT ANCF 
ETA)=f~ACTIO"' Of ft_UX "'OT pHSCIIREO 0~ TH~ WAY OUT 
ETA~=fkACTlO~ OF fLU~ THAT HIT TO~£Q 
(TA5=fHACTION OF fJELO fLU' THAT HIT CAVITY 
f.TA,=f•ACTION Of fi£LO FLUX T~6T "IT T~E CAVITY WALLS 
(TA7=fHACTION Of fiELD fLUX TH6T wAS I~ TOWER SHADOW 

(FUtXl=TOTAL fLUX ON fl£1,..0 J~ '<W 
EfLIIAZ=ToTAL fLIIX nN HJP~O>~S I~ f\W 
Efli.JXl=TOTAL f"LIJX LEAVJN!; ~~ot]RRORS IN f\111 
EfLI.IX4=TOTAL fLt:, CL(AN\.Y •WAY F~O• r HLO 1,.. Kw 
(fliJ ... S=TOTAL Fl.UX ON P'lwc:-R TOWER I~ '<W 
[FLIJX6=F'LUX 0~ r.AVtl'l' OI'"F'!IS(R 1'4 <(W 
Efllt .. 7=FLUX ON r:AVJTY liliLl'· 1"4 Klil 
£fLUXft=fLUX ON ~AVJTY CEJLING IN f\111 • 

Nl=RAY~ QJUWN r:i!="fORE SUNtJ]C:.[ 
Nl=RAYS OR AWN W)oolf:N T~E StiN WAS 1 UO LOW 
Nl=RAYS DRAWN T~AT HIT T~E OPE~ FJ£L0 
N4=RAYS WHICH HIT ~IRROR a~T WfNE LOST I~ SPACE 
NS=QAYS ORAW>j T~AT ~I'R( qLnC<EO I~ O~~LOCKS 
~b=RAYS THAT WEQE O~SCitR~O I~ OFFRLOC~ 

N7=PAYS WHICH ~IT CAVITY DJFFU~f.~ 
Q>j,:QAYS WHICH HIT •ALL' 

N9=QAY~ W~ICH HIT ~OOf 
NIO=~AYS WHICH •ttS~ED ~~~H 
~ll=MAYS W~ICH ~~S~ED ACQO~S T~f F~O~T 
>jJ2=RAYS WHICH YIS~ED LO• 
NIJ=RAYS WHICH ~IT SUPPOoT~ 
~I4=RAYS WHICH wf.Rf IN T~E TQW£Q S~A~uw 

NIS=RAYS WHICH VHI~TLEO JHOIJ 
Nlb=IIAYS "HICH FRA,<( S"AOO•EO ON SA'<E ~ELIO 
Nl7=RAVS WHICH FRAu[ S~A~O<ED ON OTH(W H(LIO 
Nl6•WAYS WHICH rnAME ~LO~KfO 0~ SA~f MfLIO 
Nl'I:WAI~ WHICH r:'H'AM~ HLilrtO:fl 0~ OT'1f"Q l1Ell0 

ET>1 ETA> ETAJ ETA4 ETAS ETA~ ETA7 
.2~7H8 .90000 1.00000 .97944 .2~l57 .l3670 .00363 

TSV 
.osooo 

PHV 
.o~ooo 

~~LUX I 
• J9R452l• 06 

HLIIU 
.S9113AF:•OS 

LHJU 
.SJ2024r•n; 

Ul.UAii 
.532024~•05 

trLuA:, 
.~21085E•O~ 

f~r I.UAt"J 
.267~10~•06 

~r'I.UA7' 

.~f!'!/JSF•OS 

Nl N2 NJ N4 
0 

~6 

0 ~' ~" "'"' 0 2104 210 
N10 

h 
~II 

J 
N15 ~lb ,.17 

• u o c;st:tfJ 

TIME POit-.IT RtJN 

AOTU&L ltiOOO~ AO~A 

61~3 •• 81)0 

[NF~GY (I<WH) 
IINSHArJO.,F:O 
S"ADOwEO 
Lf.AVI"'!G ""U~ROJl 
CLF.ANI Y AWAY 
THRU APEtHU>I( 
ARSONq(Q 

(I I ilr 0 f •IOf'!HAI. 'Nr.'l' 'f 
.~tS07 . 

PEo 'U· •ET~• 
.9268 
.9l60 
.83]4 
-~334 
.S16l 
.7346 

TRACKI~G EFFICIENCY IUNS"ADO•FOI 
(CLfbNL't' AWAY) 

NIJMtJER OF 
SorPPORT~ 

'UPPORT 
•10TH 

2.0 ~7.0 

"(LIOSTAI FWAH( HilS 

.9450 

.8498 

TOP FOA"'F:' 
2 

CROSS fHAH(S 
0 0 0 

RUTTOH fRAH( 
0 

FRAH( ~HAOOW FRAHE BLOCK 
ON SA~E HFLIO 0N O!ff ~fLIO ON SA"E HELlO ON UlfF HF.LIO 

. ~9.~ o.o o.n n,n 

40703-11-2 
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"118 

0 

112) 

(13) 

114) 

115) 

(16) 

l'LU.\1\ 
.513~~~£·0~ 

Nl'l 
0 

(17) 

118) 

(19) 

(20) 

(21) 



F-17 

!I;UW"4AJ.IY nr HIT ... o ~L or...:AGf CJII-.f$ HY rr.cU (22) 

fACET TOTAL t<Jl~ l.f~~ til'~ rtLOCt(ElJ ~· INDEX niTS riLO(• S I l 3 4 
I S~H s~• 0 0 0 0 
2 bl5 hiS 0 0 0 0 
3 6~4 ~?4 0 0 0 0 .. 57~ 57b 0 0 0 0 

( OFF~LOCK SUM14A~Y 

FACET I 2 3 4 
I 0 0 0 0 
2 0 0 0 0 
3 0 0 0 0 .. 0 0 0 0 

CAVITY WALL 14A~ C23l 

n~,.,. o.o ,.c,.o ~o.o 135.0 1~o.o 225.0 270.0 Jl~.o 

TO ~s.o ... o.o IJ,,O 1 ~n.o 22,.0 270.0 31S.O J6o.n 

TO~ 

rAQt4 rn 
4).2 sc..o .0 I" .019 ,031 .o2, .on .030 ,015 .019 
32 ... lt),2 ,01"1 .ozs .obl .04b .035 .07J .01~ .o,.c; 
?1.6 J2.4 .0(9 .040 .II 7 .112 .117 .140' ,038 .on 
(0.8 .!1.6 .oo3 .Ol1 ,iOO .?.U .~42 .·20 I .029 oOOI 
o.o 10.8 n.ono .oo8 ,070 .119 .u78 .o,,. ,006 o.ooo 

o-~OTTOM 

C I ~CUHFERF.~TI AL Avf WALL rLux (24) 

FROH Tn AV[ rL•J-' AT SU"' t:IOTTO"t UP AT SIJJ4 TOP DOWN 
o.o IO.H .on Stt.O o.ooo o.o o.ooo 

10.8 21.6 .043 43.2 6. 720 IO.H 3.5~7 

21.~ J?.4 ,076 )2.4 ?.4.893 21.6 10.292 
:l2.4 43.2 .lib 2lo6 36.681 3Z.4 n.o•o 
4).2 ~c..o .o.J IO.R 4),446 43.2 40.2~3 

o.o 4b,97J 54.0 46,973 

CAVITY CliL I~G ~·p (25) 

FROM o.oo II• 0 7 15.f>S 1"1.17 22.14 
TO 11.0 7 tS.&; 1~.17 22.'" 24.75 

AVE 7 .~~ • 1].56 )7.50 20.71 23.4H 

~QQ .. TO AYE 
o.o ttS.O n.s .ozoo .01SO .0300 .0?00 .0200 

.s.o 90.0 67,5 .0)00 .0300 .0200 .0250 .osoo 
'10.0 135.0 11?.5 .0300 .o400 .0200 .0200 .oc.so 

I 35.0 1110.0 157.5 .ozon .ozso .ooso .0350 .ooso 
1 ~o.o 225.0 202.5 .0?.50 ,0450 .0350 .0150 .0250 
ns.o 270.0 247.5 .oc.sn .osoo .0300 .0599 .osoo 
no.o Jl~.o loi~., .u .. un .oouu ,U4!':11U ,Ul~O .U.!OU 
3(5,0 3 .. 0.0 137.5 .o~5n .0250 .0250 .0250 .01,0 

AlZIHOUT" AYE CE !LINt; Flux (26) 

rRQl4 HI AVE 
o.o 11.1 -7.d .029) 

11. I 15.7 13.6 .0350 
15.7 19.2 17.S .0237 
19.2 22.1 20.7 ,02t.R 
?.2.1 Zc..A n.s .0287 

KW/SQ,N FLUA HAl' OF ~OWE~ TUIIEQ NJ~WOII FJELll (27) 

o.oooooo o.oooooo ,1)4~762 ,093S24 .155874 .163667 .o8sno .031175 o.oooooo o.oooooo 
0. 000000 .lol3111 .21042~ ,179cSS .155874 .16)667 .140286 .194&42 .ll2c.Q] o.oooooo 

,04h7"2 .IN2~5 .194842 .280573 ,Zltl601t .202636 .26498, .202636 .148080 ,054556 
.llZ493 .194842 .>.9h)60 .219223 .241604 .?.57191 .296160 .lfl:t667 .1 I:HOtt~ .163667 
.116905 .2493~8 .17Q2SS' ,26C.\Jf\S .2V6160 .2S7191 .2026)6 .28R366 .IH704H .187048 

• .!64985 .J?7JJS .20?636 ·'286Sl .241604 .2~6160 ,)4292~ .3Z73JS .Jll71t7 .210429 

.16Jb67 .2182?.3 .i'B057l .JIJ707 .179255 o26•V85 .i8RJ61> •. 150716 • >7277Q .16366'1 

.oa573o .233810 .?57191 .2021>36 .038968 .023381 .319541 • 327335 .187t)ltl'4 .101318 
o.oooooo .llltlb#,l .>49398 .27277>1 .179255 .148080 .296160 .2ln42V ·1"8n~o 0. 000000 

o.oooooo o.onoooo .11•905 .241604 .Jdi89U .l64'i8S .163661 .077937 o.ooooon u. 000000 
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HITS ON T~E HELlO FIELO 
{281 

0 0 b 12 20 21 II 4 0 0 
0 1.1 27 23 20 21 18 2!> ,., n 
6 2.1 2~ 36 31 26 34 ll> Ill 7 

17 25 38 ?8 31 33 )ij 21 l4 ?.I 
15 3? 23 34 38 33 21> 37 24 24 
34 42 21> 55 31 38 44 42 40 27 
21 2A 36 40 23 34 J1 45 35 21 
II 30 33 21> 5 3 41 42 24 IJ 

0 21 32 35 23 Ill 31! 27 Ill n 
0 0 IS 31 411 34. Zl tO 0 

FLUX ON THE F'IELil (29) 

o. n. .1J4F"•OJ .2~8[•03 .447~•03 .469[•0) .24bF.•OJ ,893[•02 o. o. 
o .• • z~oE•OJ .~OJF•O) .St3E•OJ .4et7E•Ol .469[•03 .40~[•1)3 .ssaE•oJ .J•OE•OJ o • 

,t34E•OJ .51 JE•Ol ,<;S8F•03 .804(•0] .69lE•03 .s~oE•o3 .759[•03 .s&oE•o:; ,4;J4(•03 ,lSfiF:•OJ 

,HOE•OJ .SS8E•03 .~48F.•O.:S ,6>5l•03 .692E•U3 • 7J7t:•u3 .1!48(•03 ,46"i[•OJ ,5JI>E•OJ ,469[•01 

,3JSE•03 .7t4E•03 .~13~•03 ,7o.;9f.•O:J ,fJCtdE•OJ ,7)7[•03 .~80[•03 .821>E•OJ .5J6E•03 ,,Jfi\~:+O'l 

,759[•03 .'IJ8E•OJ ,c:at0€•03 ,l;>J[•Q(!. .692[•03 ,Hc.8E•U3 ,'lJ!ilf•fJJ .938[•03 ,AQJE•OJ ,I>OJE•03 
,469E•03 .I>~SE•Ol ,MQ4£tQJ . ,1:\r;)(•OJ .StlE•u3 .7~9[•03 .1!26[•03 .!00£604 • I~ lt:•DJ ... b~~. •o:• 
.246F•03 .6.10E•03 • "1)7f:•Ol .s~o-:•oJ •lllf•03 .1>70E•OZ ,'il~E'•OJ ,9JRE•Ol .Sli>E•OJ ,2'tOf.•Ol 

o, ,4b9E•OJ ,714f"•OJ ,7!-!lE•OJ .S!JE•03 .424(•0] .1!4H(•03 ,603E•OJ ,4,4[•0] o. 
0. o. .~1~£•0J .b~tl•OJ ,JU'Jl l(Jii , 1'_,'-J(' UJ ,Q&'It•u.J .UJl•OJ u. u, 

fLUX LO<;T TO SHAOOWIN(j (30) 

o. o. o. o. o. o. o. o. u. o. 
o. o. o. o. o. o. o. o. o, n. 
o. o. o. o. o. o. o. o. o. n. 
o. u. o. o. o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. o. o. 
o. o. o. u. n. o. o. o •. u. o. 
o. o. o. o. o. 0• o. o. o. o. 
o; . o. o • u. u. u. u. o. u, o. 
o. o. o. o. o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. o. ·n.·. 

FLUX LOST TO HfLIOSTAT TO Hr.LtO~TAT S'1A)J"'6U (31) 

o. o. o. o. o. o. o. o. u. o. 
n. o. o. o. o. o. o. o. o. o. 
o: o. o. o. o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. o. o. 
o. o. o. o. n. o. o. o. o. o. 
0. n n. n. n. n. n. v. v. X: o. o. o. o. o. o. o. o. u. 
o. o. o. o. o. n. o. o. o. o. 
o. o. o. u. o. o. o. o, o. o. 
o. o. o. o. o. o. o. o. o. o. 

fLUX LOST Til ~LOCKA(jf {321 

o. 0. 0. 0. o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. o. o. 
n. n. o. o. ~: 

o. o. o. o. o. 
o. o. o. o. o. o. u. u. u. 
o. o. o. o. o. o. o. o. o •. o. 
o. 0. o. o. o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. o. o. 
o, 9· o. o. o. o. o. o. u. o. 
o. o. o. u. o. o. u. u. u. u; 
o. o. o. ~. o. o. 0. n, n. 

TOTAL FLU• CHI 

o. n. .}319C:..f•03 .2,7YIE•03 • 446S2E•03 • 46ti84E •OJ o2455~(•03 .f''l10lF•O~ o. o • 
o. • 2~024F • 0 3 .h0?80E•03 • 51 )49[•03 .441>52E•03 .46884E•03 .40186Et03 ,!>5Ri5f.o03 .37954[•03 o. 

.ll395E•OJ .Sl349f."+O:\ .55P}t.,f•03 • ~0313E•OJ ,,92IOE•03 .5&047[•03 .7S90~E•03 .StH1ct7F•Ol ,4l419E•03 .lS62AF•03 

.J7954E•UJ · ,S<;R!St"•OJ .A4w)q[•03 .~?512£•03 .69ZIOE•03 • 73675[•03 tH483BE•Ol .4bR84f•n3 .5)582£•03 o46884f•D3 

.~~489f•OJ .7144JF•03 .~Il•QE•oJ 1 7S9U~E•Ol .~4831!E•OJ .73~7Sl•03 e5HQ47E:•Ol .8u,o~o:: •nl .S3582E•03 .,J582F•OJ 
,7!>90~f.•OJ e937bf:'F"•O:l .;an47E.•OJ .1?.279E•O• ,,<l2loE•03 .~~8l8E•Ol .QH2l4E•Ol ,9371>~~·01 .8~JOJE'UJ ef:tOt'SOt-•UJ 
.4688 .. [•0) ·"~Sli'~•OJ e0017JE•OJ .S'IJOJE•OJ .>tJHE•Ol .7S90Rt:•Ol •8Z60ftE•Ol .IOO't7F•04 ,78140E•OJ ... c.~:tA~ftf•OJ 
,24558E•Ol .61>977f •OJ .7J67SE•03 .;ftO't7E•03 •lli6JE•Ol .,6977[•02 .9t53,E•03 ,9J71>RE•nJ ,53582E•03 o29024f•0) 

o. .C.h884f- •0' .71441[•03 .7~140E•OJ .5t34~E•Ol .42419t:•03 • H4838E•OJ ,60?80••nJ e42419F:•Ol o • 
o. o. .l)4ROE•O) .~Q210E•03 .t0940E•04 • 7SQOE\f.+03 • 41;18A4f.t0~ .. i',,2M-•n1 o. o • 

PERCENT FLUX LOST Tn SHo.liQWc; 
{34.il>·· 

o. o. o. o. o. o. 
o. u. o. ~. o. o. o. u. 

o. o. o. o. o. o. o. o. 
o. o. o. o. o. u. o. o. o. 0, 
o. o. o. o. 
o. o. o. o. o. o. o. o. 

o. o. o. o. o. o. o. o. 
o. o. o. o. 
o. u. o. o. o. o. o. o. 

o. o. o. o. o. o. o. o. 
o. o. o. o. o. o. 

o. o. o. o. 
o. o. o. o. o. o. 
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PEPCENT F'LUA Ln~T TO riliJ(I(A•;E C34bl 

o. o. o. o. o. o. 
o. o. o. o. o. o. o. u. 

o. o. o. o. o. o. o. o. u. o. 
o. o. o. o. o. o. o. o. u. n. 
o. o. o. o. . o. o. o. o. n. o. 
o. o. n. o. o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. u. o. 
o. o. o. o. o. o. o. o. o. o. 

I o. o. o. o. o. o. o. o. 
I o. o. o. o. o. o. 

TOTAL PtPCEI<T OF rLU• lt)ST C34c) 

o. o. o. o. o. o. 
o. o. u. o. o. o. o. u. 

o. o. o. o. o. o. o. o. o. o. 
o. o. o. o. . o. o • o. o. o. o. 
o. o. o. o. o. o. o. o. o. o. 
o. o. o. u. o. o. o. o. o. o. 
o. o. o. o. u. o. o. o. o. o. 
o. o. o. o. o. o. n. o. o. o. 

o. o. o. o. o. o. o. o. I 

o. o. o. o. o. o. I. 

IIAYS WHIC .. MISSED Hlr.t-t· C35al 
0 0 0 0 I 0 I 0 n 
0 0 I 0 0 I 0 I 0 
0 0 0 0 I 0 0 0 I n 
I 0 0 0 0 0 0 u. 0 2 
0 0 0 n 0 0 0 0 0 

0 I 0 n 0 0 0 0 0 
0 I 0 0 0 0 u u 0 

I 0 u 0 0 0 0 I 0 
0 0 0 0 0 0 0 0 0 

0 ·0 0 0 0 0 0 0 0 

'-'4Yc;, WHICH 14ISS[!l LO• C35bl 
0 0 0 0 0 n 
0 0 0 0 0 0 

0 0 0 I 0 

0 0 0 u .o 0 I 
u " o· 0 0 0 0 0 

0 0 0 u 0 0 0 0 
0 0 0 0 0 0 0 n 
0 0 0 (I 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 ·u 0 0 

RAYS WHICH NIS~Eil ACOOSS rwn-.. 1 C35cl 
0 0 0 0 0 0 
0 I 0 0 0 0 

0 n 0 0 0 0 0 
0 0 0 0 0 0 0 

I 0 u 0 0 0 0 
0 n 0 0 0 0 I 
0 0 0 0 n 0 0 
0 n 0 0 n 0 0 
0 n 0 0 0 0 0 
0 0 0 6 0 0 0 

RAYS Wl"tlCtt IIHISTLEO Tl>tf.IOUGH C35dl 
0 n 0 2 0 I 0 

0 I I u I 0 2 0 

I I I I 0 0 0 0 

0 0 0 0 0 0 0 0 4 

I 0 0 0 0 0 0 0 I 
0 I 0 0 0 0 0 0 I 
0 0 . 0 0 0 0 0 0 n 
0 0 0 0 0 0 0 0 o· 
0 n 0 
0 0 0 

RAYS Wt<ICt< HIT CO~BEtS C35el 
0 0 0 0 0 0 0 
0 " 0 0 0 0 0 

0 0 0 0 0 0 0 
0 n 0 0 u 0 0 
2 0 0 ·0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 ·0 0 0 0 0 
0 n 0 0 0 0 0 
0 0 0 0 0 0 0 

SL AR~AY .272779 .IHl'S • 0545'50 o.oooooo o.ooooou o.ooonoo o.ooonoo o.oonoon o.oooooo o.oooouo (36) 

0 4 3 J ) J 4 0 0 
J l J J 3 l 2 3 u· 

4 ) 2 I 2 2 ~ 2 J 4 0 
l 2 I 2 2 2 I 3 l ) 0 
.] 2 J I ~ I ~ ~ 0 
2 I 2 I 2 I I 2 0 
3 2 I I 3 I l J 0 
3 2 2 2 4 4 I ~ J 0 
0 J 2 2 J 3 2 ) 0 0 
0 0 3 2 I 2 ) 0 0 0 

40703-II-2 
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Used only on nonsequential simulation 

POL.&.P WAOII IN t.71.,.UTH ZONF 

Pl l I: 1&'5.0 
Rl 91= 301.? 
p ( )7) = 44 7 .c. 
Rl ?51= bOb.~ 
Rl 331= 782,A 
Rt 4}):::. 983.0 
Pt 491=12ll.l 

.... , 21= J.cn ., 
WI lOt= )J$!1.9 
W f I RJ = Ctf.fl,•"" 

1-t( 261= b?7.t­
KI 341= 80!).J 
Kl 421=1010.) 
IH 501=12';4.9 

Rl 31= lQH.J 1./C 41= ZIS.I 
~~ tl1= 336.7 :,c 121= 3Sc..7 
Rt I'll= 't8!:».~ =lC 20J= 50S.4 
RC '7J= &41:1.8 Qf ZBJ= b70.4 
Rc JS1= 8:lo.2 ~~ 3bl= 854.5 
~· 43)=1038.2 ~· 441=10&6.7 
RC 511=1289.7 "'' SZI=l32S.9 

kl Sl= 232.0 Rl bl= l4Q.l 
1?1 Ill= 37~.9 Rl lct)c 191.2 
~~ 211= 525.2 AC ~21= S4C..2 
IH 2~1= 692.2 PC lOt= 714.4 
RC )71= 879.3 RC )tfJc Q04.S 
HI 4SJ=t096.0 Q( 4bl=ll211o.O 
Ul 

HI 7t: ;Jt;6.3 
HI 151= 409.8 
tH "31 = c;6S.4 
Rl 111= 7lb.8 
we 191= QJO.l 
f.l ( 47 I: ll'.)lt.8 

POLAR COLLECTOP. COUNT 1"'1 Al.·IMUTt1 :<ONE 

Nt 1) = 
Nt 'H= 
~· 171 = 
Nl ?SI = 
.... ( 331 = 
Nl c. II= 
Nl 491 = 

2 
3 
~ 
7 

• 
ll 

. 15 

fll( 21 = 
N I 1 OJ= 
Nl 181 = 
Nl 2bl = 
N I 341: 
N I 421 = 
N( 501 = 

2 
4 
b 
8 

10 
12 
IS 

N ( ll: 
N f 11 I: 
Nf 191 = 
N( 271 = 
f'.lf 3S1 = 
fH 43)= 
NC SIJ = 

• 
' A 

10 
l? 
15 

N C 41 = 
N C 121 = 
N ( 201 = 
~I 21::11 = 
NC 3bl = 
..,, 441 = 
..... 521:::. 

Nl 51 c 
4 N f 13J c 

b Nl 21 I= 
8 Nf 2~1= 

10 Nl 371= 
13 N I CtSI:: 
16 NC 

3 "" . ~· • Nl 
A Nl 

ll Nl 
13 Nl 

bl = 
141 = 
221= 
301 = 
381 = 
Ct6) = 

POLAW WAOt I TN o.7I"'!UtH l1NC: 

Rl 11= lbS.o 
PI 91= Z9~,?, 
Rl 171= 440.3 
Pt ?SI: I),Colt••l 
Q( 331= 7&3.?. 
PI 411= 953.1 
Pc c.9J=Il74.3 

K ( 21: }f\}elt 

:l ~~:~ m:~ 
Kf 2~1:: 6I4e"l 
~( )t.tl= 7~S.~ 
K( 4?1= fiJ8.fi 
we 501=12n5.1 

"I 31= 197.9 
Rl Ill= 332·8 
~. i9i= 477.6 
Rf "71= b34e8 
Rt )SI= 80R.4 
A( Ct31=1004e9 
Rt c;:;1J=t2Jb•7 

ot ( 41 = 214.3 
01 121= 350.3 
~~ lOI• 4Yb.!> 
•1 281= b55,S 
=l( Jbl= 831.S 
Q( 4Ctl=l03).b 
• I 521 = l 2b9 • 3 

Fll !:»1= 2JO.tt ~~ 

kl 131= )67.9 ~~ 
"I 211• ~~~.b "I 
Ht ?."11= 67&.5 ~~ 
f.IC 371= 85Se0 HC 

"'' 451=1058.8 Ac 
WI CjJI=tJOl.O ~( 

POLAR COLLECTO~ COIJNT JN Ali"'UlH lONE 

Nt 1 I= 
~ ( 91 = 
Nl 171 = 
N I ?SJ: 
tj' JJ),. 
Nl ttl I= 
N( 49) = 

2 N( 21: 
J N ( I 0 I= 
-; N C lA I= 
7 Nl 2bl= 
If! ~~I )t, I~ 

11 Nl 421 = 
1c. N I· SO J = 

• 
' 1 
Q 

12 
14 

N I 31 = 
N I 111 = 
Nf )91 = 
N I "71 = 
Nf )'5): 

N I 431 = 
N( '511= 

._.OLA~ WloUII IN I\ZI•<4UTH lf'IN'" 

1 n 
I? 
IS 

Nl 41: 
,., lCJ = 
N C 2UI: 
~ ( 281:::. 

~- 1h) = 
"'I c Ct4) = 
N I 521 = 

Nt SJ:: 
N I Ill= 
N C 21 I= 
NC 29J: 

.• n N 1 111 • 
12 NC CtSJ= 
15 Nl 531= 

3 Nl 61= 
N C 141 = 
N I 221 = 
Nl lOI = 

10 Nl l~U;: 

13 Ul 461= 
16 Nl 

3 Nl 
s HI 
7 N I 
9 Nl 

ll Nl 
14 ..... 

71. 
lSI= 
231 = 
311= 
391 = 
Ct1) = 

3 "''I 81 = 
5 Nl 1611111 
7 "'C Ziti= 

9 ~· 321= 
11 ~c ltOJc 
14 Nl 118): 

61 = 247.4 
141 = 3&s.s 
~21• ~34•• 
JOI = 697.7 
J81 = 87Ae9 
4bl=l08,.7 

HI 71: ;?64e2 
If( 1!:»1= 40,.8 
Nt ;!JJ !t ..:..c;;-.." 
HI ')U: 719•2 
HI ~91= Q03•2 
HI 471=1115·2 

3 .. , 
5 Nl 
b Nl 
!J NC 

11 Nf 
13 Nl 

71 = 
151= 
231 = 
311 = 
<H,. 
471 = 

3 ~~ 81= 

s ""' 161= 
1 ,.,, 241= 

9 "'' 321. 
II ,.., ItO I !II 
13 "I 481 c 

Pt ll= t&s.n 
PI ~I= 295.7 
PI 171= 433.Q 
Rt t!SJ= '5A2.A 
Rt 131= 745.4 
RC toll= 9~&.4 
AI ct91=11ll.F. 

Q ( ~I= 11"11 ·"' 
Kl 101: )12e4 
~~ 181= 4SI.Q 
"'' 261= 6o2."l 
~· )41= 7~6.~ 
RC 421= 'i'\Oe"'­
"'1 SOI=11t-2.1 

.. , Jl=• 197.6 
~ f Ill= 3?.9.4 
IH 191= 470.0 
Rl ?71= b22.l 
~~ "\~1= 7~8.7 

~· 4:11= 975.3 
R t c;J I= 1191.2 

~I ttl= 213.8 
Q( 121= JCt6.Ct 
Q( lOI= 48FI.4 
Q( ~'31= 642.0 
.I 3bl= 810.8 
Q( 441=1000.4 
.I 521=1221.1 

Rl 51= 229.9 
Rl lJI= 3b3.b 
Rl 211= 50b,9 
Ul 2~1= bb2.2 
Rl 371= 833.2 
WI 451=1026.0 
f.lt 'i:JI =1251., 

,.,, 61 = 24,.2 
toll ... 1 = 380.9 
Q C ~ZI c Sic;.6 
Rl JOI= b8>.b 
Rl )81= AS~t.O 
IH 461=1052.1 
H C ~41 =lldl. 3 

we ,, = ?.6,.5 
MC t51= :Ht'.lt 
"'I "ll: 544.5 
Nl 11): 70J.3 
~~ "WI= A7q.l 
Nl 471=107~.7 
HI c;~l=l1lli.7 

Nl 11 = 
N ( 91 = 
N ( 17 I= 
.... ( 251 = 
fiJI :J)I ~ 
NC c.l I= 
N C (oQJ = 

POLaR COLLEC.TOW COuNT JN A11111UT.-t ZO~E 

t N I 2 I: 
3 N I l 01 = 
'j N I lA I= 
7 Nl 261 = 
q Nl J~l:: 

ll td 421= 
14 Nf SOt= 

2 Nl 31: 
4 N I 111 = 
5 Nl 191: 
7 NC 271= 
~ ... , J9!• 

II N I 431 = 
14 Nl 511 = 

POI.AH ~·Ill I IN nzl~UT~ ZrNF 

:0.( "I= 
Nl 1~1: 

Ill( ?01 = 
Nl 281 = 

~ rq ( lUI • 
1? ~I 4't) = 
14 ~~ 5tl= 

NC 51= 
4 NC 131 = 
6 P\1 C 21 I= 
8 Nl zc;n: 

10 t; C JT) • 
li ,., t CtSJ = 
IS NC 531= 

:l Nl 61= 
4 Nl 141= 
~ Nf 221= 
R N I 30 I= 

It> I~ I 301 • 
12 N I ~t;,l = 
IS Nf 5Ctl = 

3 li I 71 = 
S Nl lSI= 
b Nl 231= 
8 N I ll I= 

10 t4 ( ,.,, ... 
13 Nl 471= 
15 Nl 551= 

) ~~ 81 II 
5 .... 161= 
1 ~' l•l= 
8 "''I 321= 

11 1i I loOI .& 

ll Nf 481• 

16 ""' 

Rc 11= 1&5.o 
RC .91= 29J.h 
PI )71:::. 420.7. 
k I ?51= ~1?.~ 
PC 131= 729e3 
AI c.11= 902.3 
PC ct91=11)97.R 
RC 571=1328.0 

rf f 21 = }lol}eh 
HC 101= 31)9.9, 
1-4 C 1 f'l = ctloS.,r, 
kl 261= ,ql.4 
~otc l41= 7c.Q.Q 
HI 421= 9?5e:l 
~~ 501=11?4.3 ... 

,.,, 31= 1'17.8 
AC Ill= 3?b.4 
.:tc )91= 4f.J.J 
~~ "71= bto.s 
Rl ,,= 170.8 
R( 4))= 94Ke7 
Rl Sll=ll51·4 

"' Ctl= 211.b 
Rl 121= 3Ct).O 
Ql iOI= ctbi.O 
~~ 2Ed= bZQ.7 
"" ( Jt.l:; 1'12. u 
QC 4Ctl= cnz.s 
Qt 521=1179.1 

HI Sl= ZZ'i ... 
Rl lJI = 35~.8 
AI 21l= 49'1.0 
A I ?.'tl: b49.2 
1-H )., ~ 81 J.'+ 
~ f 4SI = 99&.& 
,.., c;.:u=JZ07.4 

RC bl= 24'iel 
At l~tl= 3711..6 
AI ~ll= Sl7.1 
AC JOI= 6M,.9 
Ql l81l:ll 8J'i.2 
AI Ct6J 11)0?1•2 
q( !)41=123, ... 4 

Rl 71: ?blo2 
NC t51= 3~1.7 
H( ,.3) II C;JCjelt 
Rl ')II= f,R".8 
N( l'llc A~7.2 
Nt 471 =lft41f,.J 
HI Cj~l=1?66e1 

Nl 1 I: 
NC 91: 
NC 171 = 
Nl ?51= 
Nl 1.11:; 
Nf c.l I= 
Nt 4"11 = 
N I 571: 

POLAW COLLF.CTOQ COUNT IN A11"4UTH ZO""E 

~ Nl 21= 
J N I 10 I= 
C:, NC 181 = 
7 Nl 2'll = 
q Nl lC.I;; 

11 NC 421= 
I J !-41 ">0 I~ 
lb Nl 

N( 31 = 
4 Nl 11 I= 
c; NC 19J = 
7 NC 271= 
9 Nl lSI= 

II NC 431 = 
1) 1-41 '-,1 I: 

POLAR ~AOI.t It-4 AZI...,UTH ZON'" 

"'' 41 = 
4 .... 1~1 = 
6 "'I I 201: 
7 N t 2til = 
q " 3~1= 

11 "' ( Ct4) = 
1 r. N t Sil = 

Nl 51= 
4 NC 131 = 
b N ( 21 I= 
d Nl 291= 
9 N( HI= 

12 Nl CtSI= 
)!i Nf 531= 

Nl 61= 
4 Nl l4P= 
~ N( 221= 
A Nl 301= 

10 til JVI = 
12 Nl •bl = 
14 Nl S41; 

NC 11= 
4 NC ISle 
6 N1 231• 
8 N C 31 I c 

10 ~. ~~I= 
12 NC 471= 
15 ~~ 551= 

3 "''I 81 = 
5 ..,, 161 = 
6 ~· <!41= 
8 ~~ 321= 

10 Nl 401= 
13 Nl 481= 
1c; til :)61. 

Rl II= 1bS.O KC 21= 1~1.~ Rt l1= 197.8 "fl 41= 213.6 Rl ~I= 22Y.4 Rl 61= 24tc;.3 HI 7Jc 261.2 
14.74. R H I~ 13 R ICt=l =8 32St.32. h H l.:f CJ91= 8'37.2 ~SII =4 0212=~j .84,. 9 .Wht 
bRII= 4214JS=. 39 U 21of.C3 Un 1:::. 26t.Z Rl c. 28H== "'227S7 •• 33 

of( 'U ID 28J.6 
'f( 161 c 428.5 
:tl 241 ID SEI!).9 
q( 321• 75~.6 
~~ 40P1 9Sb.l 
.;,c 4bl 11J18ts.S 

3 
s 
7 
9 

ll 
14 

~~ 9111 z8t,t 
·H l6JIIII 4Z;i,O 
Itt il_'iijl;;. ~irht 
~I 3211111 74lel 
~~ 4011111 qzt.9 
<lt 481=114tt.tt 

3 
s 
1 
Q 

ll 
14 

Ql f\)11 27Y.O 
Q( lbl. 4lb.l 
~~ 24J II 56J.6 
QC l2J c 72o~t.2 
qc t.OI• fiOe.s 
~~ 4f\1•110S.9 
• I 

3 
5 
7 
~ 

ll 
13 

~( 81= 277.3 
QC 161 c 410.8 
~~ 241• 55).9 
iU 321 II 70ii.9 
It( 401 • 87~.6 

Ql •81•1071.8 
Ql Sbi•IZ~b.6 

3 
s , 
9 
ll 
iJ 
lb 

{ 

(1)• 

C2J 

(3) 

CQ (Ct l 19=1 =9 42rt9.37. 6 U IR (4 4110=1 q7e.5 AI :4 5310='1 .Q~j9 6 .NbC 1A10 114 631~=61.042 l .R~I 1R20 •4 ?l•••l.O 
Rl c.9J=I097.A HC 501=1li?4e) HC C;lJ=ll'51.4 Ql ~21=1179.1 HC 531=1207.4 AI ~41=12llte4 HI Cj~l=l?.,hel QC 5t.l•129b.6 
AI c,7J=IJ~e.o we 

POLAW COLLECTOM COUNT TN A71"4UTH Z::INE 

fll I l I= 
NC 91: 
N I 171 = 
Nf ?51= 
Nl 331 = 
NC c. II= 
N I 4q1 = 
N I 571: 

2 Nl 
:S Nl 
S Nl 
7 Nl 
q Nl 
ll Nl 
ll Nl 
to Nl 

21 = 
l 01 = 
181 
2bl 
341 
421 
SOl 

4 

s 
1 
9 

ll 
13 

N( 31= 
N I 111: 
NC 1"11 = 
N I 271 
Nl lSI 
N( 431 
Nl o:;1 I 

' 1 

• 
ll 
14 

.... 4) = 
~I 1~1 = 
~I 201 

""' ZdJ 
... ( )b) 

NC ft41 
Nl 5~1 

Nl 

• N I 
6 Nl 
8 N I 
0 Nl 

12 Nl 
14 Nl 

51= 
I 31 = 
211 = 
291 = 
371 = 
Ct51 = 
531 = 

3 Nl 
4 Nl 
b Nl 
8 Nl 

10 N I 
12 Nl 
14 NC 

40703-II-2 

bl= 
l4J = 
221 = 
301 = 
381 = 
461 = 
54 I= 

Nl 71= 
It ~~ lSI= 
6 Nl 23)= 
8 NC 31 I= 

10 Nt 391c 
12 Nt 47) II 
IS Nl 551= 

J NC 81: 
5 til 161c 

6 ~· 24)11 
8 PI( JZI11 

10 tiC 4011111 
I l ""f 48J = 
IS "lC S61 = 

3 
s 
1 
9 
ll 
I) 
~~ 

AI I II• 
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POLAR HADII IN a.lllr4UTH lt)Nt b 

Ht II= 165.0 ~~ 21= 11-"l•'-~ At 
-101= liZ·• AI 

3t= 1Q7,8 
111 = l2•• • 
191= c.1o.o 
71>= 6?2·1 
1~l= 7FUte7 
43t= cns.J 
'1>=11•1·2 

Q( 41= 213.8 
~t lZt= l1t6.4 
Q( t!OI= 48P.4 
Qf 28l= 61t?.O 
~~ :J61= 8to.a 
l.lt 41ti•I000.4 
.I 52>=1221.1 

AI ">I= 22~.9 ~I 
AI Ill= J6J.6 ~I 
"I 211= 506.9 .I 
NC 2'11= 662.2 At 
~~ JIJ= 8J).l 1.(1 

61 = l4'-1.2 
141 = )8().9 
~:.!1 = ~2c;.6 
JOI= 6R?.6 
:J!tl= R56.0 
ct61=IOS?.l 
';)C.1=12S1.3 

He 71: ?6~.5 ~e 81= 27"11.0 
)61= 4lb.l 
24l = stu.6 
)21 = 72C. .l 
401 = QOl.S 
ct81=l IOS.9 

At 91a 295.,7 ""I 
Rt t7J= 4)),9 ~~ 

At ?SJ c !.8Z.A KC 
RC JJJ• 745.4 ~~ 
Rc 4lJa 926.4 ..,, 
Rc 491=lll3.b At 

we 1'>1= :H~.4 Ql 

18l= ltC,l,Q .. , He ?:JI: C,C.4.5 ~~ 

?.t.J= 6n2.) ~c 
)41= 7~,..Q Rt 

KC 111= 711:\.3 ~~ 
we 191= A7:}.l' Qe 

421= QC,O,It ~. WI 4SI=t02b,O f.IC Rl c.71=lfl7~.7 ~~ 

50t=llh2•1 At Rl I)JI=l251.7 ill W( c;;SI=I"tiS.7 ~~ 

POLAR COLLECTOH COUNT IN A71-.~!UT11 ZONE' 6 

Nf U :r 
Nl 91: 

z ~I 
l Nl 

21 = 
10 I c 

18> = 
261 = 
341 = 
421 = 
SOl: 

Nt :\1: 
4 Nl Ill= 
S Nl 191: 
7 N I ?.71 = 
'I Nl 351 = 

11 fill 431= 

.'l,j e 41 = 
Nl Ill= 
~e 20 I= 
~I ZCSI = 
~t )bl = 
Nl ,.,., = 

Nl ~~ = 
It N I 1 )I= 
6 N I 211 = 
8 Nl 291= 

I 0 ""I 371 = 

J N I 61 = 
4 Ne 141 = 

3 ""f 71 = 
S Nf ISJ = 

3 ~~~ 

5 ~I 

81 = 
161 = 

Nl 171= 
Nl ?51= 
Nl 331= 
PH ttl»= 
Nt tt91c 

S Nl ~<, N I 221 = 6 Nl 231= 7 "-~I ~41: 

7 Nl 7 
Q 

12 

8 N I 30 I: 
10 Nl 381= 

8 NC )1):, 8 "'' J2J = 
9 Nl 

II Nl 
14 Nl 14 N I 'il I • •• ~· ,", = 

12 Nt ltSJ = 
15 Nl Sll= 

12 Nf lt61 = 
15 Ne 541= 

10 Nf 141= 
13 Nl C.71 = 
15 Nt SSI = 

11 N I 40 I= 
13 1\J I 1tl31 = 
16 "'I 

POLA .. ~AOII IN Ali'-'UTH ZnNJ:' 

At IJ• 165.0 loll 
AI 9Ja 298,2 t.fl 
AI l7Ja 440.3 we 
A; ?51= !.94.1 kt 
RC 3)):~: 763.2 ..,, 
AI •I>= 9SJ.l kl 
AI lt91=1174,) kl 

21 = I ~1.1, At 
101= liS·• AI 
IAJ:;~ "58eR loft 
261= 6)4.1 Mil 
)4): 7A5.6 AI 
ltinc ... 78,A Kl 

501=1205·1 .:,, 

31: I'IJ7 ,Q 

II>= JJZ.A 
)91= 477.b 
?71= 634.R 
lSI: 80tt.lt 
431=1004.9 
:;11 =I 2Jf., 7 

~~ 41= c?lltol WI 
01 121= JSO.J AI 
~~ 201= 4~~.5 AI 
o1 2a1= 65~.5 •1 
Ql 361= RJI.:) ije 

~· 441=10:JI.b ~~ 
~ C 521 = llb9, 3 U I 

POLAR COLLECTOR COUNT IN AlJ1o4UTr1 lOPIIE. 7. 

Nl P· 
NC 9PI 
Nt 171 • 
Nl ?51= 
... , 33l g 

NC 1tl I= 
NC ~t9J= 

l Nl 
J Nl 
5 Nl 
7 Nl 

21 = 
10 I c 
181 = 
l61 = 
)41 = 9 Nl 

11 Nt 421 = 
N I 50J: •• 

N I )I: 

It N I Ill= 
6 N( 191: 
7 Nl 271= 
Y Nl lSI: 

12 Nl 431= 

14 '"' 'ill= 

POLAR KAOI I IN ~zi-..UTH li')NF' 

• 
~ 
A 

10 
I 2 

I'-

~~ 41= 
'-'I Ill= 
'If 2\J I= 
Pill 2t11 = 
~I )bl: 
~I 41tl = 
'H Sil = 

Nl 51: 
4 N I 131 = 
6 Nl 2l I= 
H ""I 291= 

10 NC 371= 
12' N I ~51= 

15 Ne 531= 

51= 230.8 AI 61= ?47.4 
l:SI= 367,1i AI 1C.): JRc;.S 

HI 71 = ?.'-~4•2 
WI 1~1= 40).8 
we ?ll= c;·-;4,4 
rH 111= 71Q.2 
Nl 19): Ql)1,2 
we c./J=IJlc;.z 

211= S1S.6 Ne L'21= 534.9 
2'11= 676.S At JOI= 6 1H,7 
371= 8Ss.o ~• 381= A7~ • ., 
4~1=1058.8 HI 1t61=10d".7 
S:SI=1303.0 AI 

N I 6) = 
4 N I 141 = 
6 Nl 221= 
8 Nt 301= 

10 Nl )8l= 
13 Nl (t61 = 

.)fl'l N( 

J ~I 

5 tH 
6 Nl 
8 Nl 

J I N( 
13 Nl 

71 = 
151 = 
Zll = 
Jll = 
)91 = 
471:. 

81 = 
161 = 
l41 = 

q ...,, J21 = 
11 N I 40 I: 
13 N( ct81: 

AC lJa 165.0 
AI 91a 301.2 
AC 171= 4't7.4 
AI 251= 606.6 
A I JJ)a 782.8 
At ~tll= 983.0 
At ~t9J=l221•1 

Nl· 21= IAI.h 
we 101= JtH•"~ 
ke 181= lt~6.1t 

~· 261= 6?7.1-. 
we 341c an6.l 
Ht 421=1010•1 
~· 501=12c;;4.Cf 

RC ll= )Q~.J ~~ 41= 21,.1 
RC 111= 3)fot.7 ~~ 12)= JSt..7 
l'f( 19):1: 4"5.9 ~· 201= SOS.4 
~~ ?71= 61tK.8 :?1 C91= 67u.4 
Rc 151= 830·2 ~C lbl= 8S~t.S 
Re tt31=101f\.2' o(l 41ti=I06f-.7 
He .::.11=12.:0'1.7 -lt !:loli=IJZS.'II 

AI !:»1= 232.0 AI 61= 24Q.) 
kf ),jl= 372,Y HI 141= 3~\.2 
.:,1 211= S25.2t Re lZI= S4c;.2 
Rl 2'11= 692,l ~~ :JOI= 71c..4 
RC 37l= IHY.3 Rl Jdl= Q04.S 
AI C.~I=I09b.O At 46l=ll2~t.O 

HI 71: ~~,..3 

!o(l .~1= 40~.8 
WI ?31= c,&-;,4 
kl 111= 716.8 
HI 1'11: 9Jile1 
HI 4 71 =I 1 t;~t.8 

"I 
POLA!of COLL£CTOW COIJNT IN Ali'4UT.-t Z:INE 

Nl ))a Z Nl Zl = 
101 = 
1~1 = 
261 = 
)41 = 

2 NC )) = Nf 'tl; 

~· ·~·= h ~e 201= 

Nl 51= 
4 N I 131 = 
6 N I 21 I: 

Ne 61= 3 Nl 71= 3 ""e 81 = 
5 •I( 161 :e 
7 tiC ~4 I= 
9 ~~~ J21= 

J Nl 4 NC Ill= 
~ Nl b NC 191 = 

4 Ne 141= 
ll NC 221 = 

Nl lSI= 
·N I 231 = NC 9):~ 

Ne 171D 
NC 251= 
NC J)Jc 
Nt 41 I= 
NC 491= 

7 N I R NC 271= R ~f 2tSI R N( 291= A Nl 301= 
II ,,., JSI = 
1) N I C.61 = 

~ Nl JII= 
9 Nl 

12 
10 Ne 351= I 0 Nl l61 10 Nl 371= 11 N I 391: 11 r.1 I .:.01 = 

N I 42) = 
N I 501 = 

12 Nf 431= 
15 Nl <;II: 

12 NC ttctl 13 N I lt~l = 1c. Nl 471 = I C. Nt 481 = 
15 IS ~~ 5~1 16 ~~ 

GkOUNO COVE Q It~ POLAR lO"E 

GCI II• .391 
GCI 81• .JZI 
GCC 15Ja .l49 
GCC 221= .342 
GCI 291= .2d2 
GCI )61= .l5~ 
GCI lt)l: .21~ 
GCI 501• .IdS 

GCI ?.)• ,)1t7 
GCC 91= ,301) 
UCI ll,l= .J3J 
(,C I 211 = • 326 
GCI 30>= .J01 
GC I 311 = ,l6ii 
GCI •41= .225 
GCC Sll= ,174 

GCC 11• .)16 
GC:I 1" I= • 3 75 
Gr. I 171: , Jl It 
ur:, z~o, = .Jlt 
GCI JIJ= .tc19 
GCC )AI: .('56 
GCI -.;1= .214 
GCI 571= .173 

GROUND COVER IN POLAR ZO~~ril 

GCC 1) • 
Get 8J= 
GC f 151= 
GCI 221= 
GCI 291• 
Get J61• 
GCI lt)Ja: 
GCI 501• 

.lSI 
• JJJ 
.l65 
.J09 
.)01 
.ln 
.Z4Z 
.H9 

GCI 11• .391 
GCI 81• .344 
GCC ISla ,391 
r.r. I ?;lpz ,. )~S 
GCI 291a .319 
GC I 361 D .l ... 8 
GCC 4Jia ,26Ci 
GCI 501= .224 

GC I 2 I II • 35S tiC c 
ucc Ql= .311 Gee 
GCe 11,1• .346 GCC 
uCI 23>= .J••· uCI 
GCI lCll= .2a~ Gr.t 
ucc 111= .z6c;; Gee 
GCI 441= .Zll GCI 
C.CI 511= .201 GCI 

11 = 
10 I= 
171 = 
241 = 
)II= 
l~ I: 
Itt::. I= 
S~l = 

uce 2)= .357 
GCC qJ: .323 
ucc lhl= .162 
(•CI, 7lp:: .)1-11 
UCI 301= .Jo,.. 
GCI 371= .L'S-; 
GC C 1t4 I = .z~,. 
UCI 511= .21.1 

ucc :11= .333 
Gr.l 1nt: .~t04 
GC I 171 : • ]44 
Grl ~'"'= .:u•7 
GCI )II= .i•J 
6C C 3o.~.) = ."171t 
Gr.c -..;1 = .~c.J 
GCC !:lo;:tl:: ,217 

GROUND COVER I u POLAR 70\1[ 

GCI Ua ,J!H 
GCC 8Ja ,l5'i 
GCI 151• .J~7 
GCC 221a .31t?. 
vtf l91• .~~~ 
GCI 361• .ld7 
GCC ~))~:~ .2&4 
GCI 501• .ZJI 
GCf 571= .lOl 

ucc 2l= .Jc;7 
UCf ql= ,lll 
GCI 161a .. 377 
UCI 231= .327 
GCI }Q~= ,~2" 
Gt: i 371 = • JOh 
GCI 44)= ,l7i-t· 
ue1 '511= .zJ~ 
GC I 

vr:c 11= ,JJt. 
occ 10):::: .-.18 
Gee 171= .359 
GC e lto I= • JbS 
G~l )II= .Jl? 
GCI )AI= ~2~1t 
GCI c.<;J:: .l65 
Gee ,.,,= .'f'l27 

C.CI 41• .?1)0 
GCI 111= .352 
~CI IRI= ,357 
Gt.: I 2SJ = .?96 
GCI 321= .?76 
C,(.e 3~1= .?44 
GC. e ~tr.l = .t'l8 
c.u 

Gt.: I 
Gt.:l 
uC I 
GC I 
GCI 
uC I 
GC I 
uCI 

4) = .29d 
Ill= • .l67 
IKI= .)75 
251= .]14 
JZ>= .Z96 
3~1= .l66 
461 = .?27 
53>= .IQI 

Gt.:f 4)= .30~ 

uC I Ill= • 381 
Gel 181= .JZ8 
r.cc '!C:.~· .. n'! 
uCI JZ I= • J 17 
GCI 3'11= .2A9 
GCI 4bl= .?llil 
GC I 531 = .206 

GCI ttl= ,:\14 
CiC e 111 = • Jlf4 
uCI 181: .)42 
~Ct 251= .1so· 
GCI JZI: • .l37 
GCI J~l = .2A2 
GC I 461 = ·• 254 
Otl SJI= .Z17 

GCI 51• .~tOO 
uCI 121= .112 
UCI 191= .)c.O 
uCI 26>= .JZJ 
GCI 331= ,;{64 
uCI 401= .ZJJ 
GCC .. 71= .201 

GCC 51= .c.IJ 
GCI I'll= • .:J4b 
GCI 191= .J57 
uC I ~61: • JOO 
GC t :J3J = .l8ct 
GC e .. 01 = .2SS 
GCC .. 71= .Z1b 
uC I 

GCI bl• .111 
GC I I J I= • 11 J 
GCI 20J= ,123 
GCI 271= .,09 
GCI 341= .?80 
GC I It II= • ?'-2 
GCI ltdl= .1~5 

GC I 
GCI 
liC I 
GC I 
GC I 
GC I 
GC I 

61= .183 
Ill= .126 
20) = • 140 
271 = • 128 
]4): .?72 
1t11 = • ?It) 
ltHI = .?21 

GCC ;1: .425 GCC 01= .;195 
uCI 121: .359 GCI Ill= .1•0 
GCI 191= .J7• GCI 201= .157 
lit:l ?h);:: ~llri fi(.f /1p; .10~ 

GCI Jll= .JOlt GCI 341= .:J91 
GCI 'tOI= .277 GCC lt)J: ·"b5 
GCI .. 11= .z.:.o GCI 1t8l= .?29 
GC I S4 I = • J9'i:t GC I 'SS I = • I Qf) 

l.tCI 51: .4J1 
OCI Ill= .J7l 
r,c c 1 q 1 • • JQ2 
uCI l61= .JJ~ 
GCe 331= .)23 
GCI •01= .2~d 
GCI ct71= .26 .. 
uCI ~·I= .lZI 

GC I 61 = 
OCI Ill= 
fii.l lO 1 
GCI l71 
GCI 341 
~CI 4)1 
GC I 481 
GC C c;s1 

40703-II-2 

GCe 1111 .11t4 
GCC lltl= .Jb9 
GC I ~ 11 = • 10 7 
GC I Cdl = .z~-; 

GC I lSI= .?~:t8 
GCe ct2J= .?.30 
GC I 'tQ I= • 1 ':17 

GC I 
GCI 
GCI 
GCI 
GC I 
GCI 
GCI 

71= 
IC.p: 
21} = 
Cl\1 = 
151 = 
421 = 
491 :e 

GCI 11= .1b8 
UCI 141= .402 
GC I 211 = .Jct1 
r.r.1 ?A,; ,13~ 

GC I JS) = • ?. 79 
uc ( lt21 = • ?.54 
GCI At91= .?l'> 
uCI 

UC I 71 = 
GC e l4J.: 
fiC:I 21 I 
GCI 281 
GCI lSI 
GCI 421 
GC I 491 
GCt !:)61 

Q 

11 
I l 

~I ~I= 281. I 
~~ 161= 42l.O 
~~ 241= S7ct.2 
~e 12J; 74t.l 
Q( c.OI= 927.9 
~~ 4ill=llltlt.4 

~ 

II 
14 

~~ Rl= ldJ.b 
qc 161= c.l~.s 
41 24l= SR~,9 
~~ 321= 7SY,b 
~( c.OI= 95b.:J 
41 481=1JHH.5 

7 
Q 

II 
I• 

(4) 
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H[LIA~""I VERSJU'I 13. TIM[ POJ"4T ANO/OQ AN-..UAL ENEQGY 
Rr)UNO FIELD IIIlTH LOW P.fQF'JLt: oiELIOSHTS 

N'STOPS 
II 

I\ICOL 
150b 

J.(F"J~LO 
~7R.OOO 

TOWER H 
ttlS.ooo 

&COVER 
.300 

WFV 
10. )9 

wO 
IO.H 

XOF 
lb.bO 

~PACE~=' 
1.00 

&•• 
.250 

.,,~. 

.177 
XL TRI 
4.681 

WSJ DE 
.tsc.O 

TH~ CE~Tf~ WI\YELfNGH1S OF h1E. TIIIENTY EQUAL ENEQf.i't' RAtiO~ 
• 1"1Dou .ttc.ooo .ttsooo .stooo ·'>c.ooo ·570oo •6oooo 
• 740oo • 1"ooo .azuoo .a1ooo .•booo t.ozoou t.o•ooo 

TOISX 
o.ooo 

LATITUOF.::. J5.tu~ 

SEP 
.~.3 

Dfll 
2b.3 

Till SY 
-4.:"9.000 

~o~OtJR 

•r I ELO 
2JJb27J.b79 

12 

GIIYifY OE;e I VE 1 SPEO~ 

no2 •wrr 
45.9 o.o 

11CAV 
54.0 

RCO 
165.000 

U03 
lt'i.'i 

AIHHUT 
q.b 

RC(J'I[ TriECO-.. tHO I ITJLT 
I ~.Ob 

IIIAP"'AX 
25.0 

PQQGRAM OPTIONS USEO 
I NO IV I OUAL roCU<; 1 Nc; 
U~D I y I DUAL TOE- p~ 

.47 ••.2• 

W6P:1J~ OFFSET 
19. J o.o 

JOEl~ SJQtqfGY F'OW 3/21 AT 12.0 
fACF..TS UANGfO 

P"'X IR PAXio!l; 
o.ooooo o.noooo 

Hfl lOST AT Qi'T I CAL PAHAMETEHS 

T<;R Pt-fH 
o.onooo o.ooooo 

J.I4,IC 1 v 
.11500 

rsv 
.osoou 

.1 088949U~tE •I 0 •••••••••• 

c;TATISTJCt; F"O.:.O 10 RUNS 4T t500 HAYS Pt:"Q RlJ~ 

oo••••••••ouTPUT COOE•••••••o•o 

ETAt:::::F" ... ACTIO~ Of FJELD FlU'~ THAJ HIT HIP~O~S 
ET ~?•REFLECT"'CI 
ETA]:f"to~ACT ION OF fl_ll)( ~Or r.H<;Cilh'EO 0"'4 tH~ •AY (UJT 
Efa~"'f'"'~'='I','M "" £1.11r To:tal ~!T Hl .. f9 
ETAc;=F~ACTIQ.'Ij OF FJELD fLUI. THAT HIT t.:AVIfY 
ETAh=FRACTI(JN Or FJELD FLU? TrlAT ~IT TH[ CAVITY IIALLS 
ETA7=FRACTION or FJELO FLU11 THAT W.O.$ 1" TOIIIER 5HA00W. 

EFLU.Itl=TOTAL fLIIX ON FIELD IN KWH 
EfLIIXi!=TOTAL FLUX ON MIP~OgS IN I(W-i 
ffii!A.l•TOTAI fill~ I EAYJ!l;; •IRRrH~ l!l ""H 
EfltJ.It't=TOTAL fLtiX CLEAIIJLY AWAY f~~"t f?lflf) I~ ~WH 
(fLUAS"'TOTAL fLIIX ON POWF'R TOW(I-f I ... '<•"'4 
EfLII.Itb=fLU• ON r;AVJTY OI~F•.l~E~ JIJ (1!fl1 
EFLU.l7=FLUX ON CAVITY IIIALLO.: I~ K .. H 
EFLU.Itd=fLU.It ON r.AV)TY C[fllt4G IN I(•H• 

NI=RAYS OHA._N MF.FOR£ SUNQIC\£ 
NZ=RAYS IIRAW~ WHEN THE S•JN .. AS TOO LOlli 
NJ~nAYS OHAWt.{. THAT HIT T"1t:. OPE~ FJw;:LQ 
N4=RAYS WHICrl l"tJT MJRROH \3!11 IIIENE LOSI I~ SDACE 
"'S=RAYS URAWN THAT WERE >4LOCr<EO It~ Ot.ldLUCKS 
l'lr»=_.,AfS TP1Af •t:Hf uSSC.ufta't) IN OP'f'dd)Cit 
N7=1UYS IIIHICii HJl CAVITY DtfFU<;EPf 
N8=1?AYS WHIC11 HIT WALLe; 
N9=RAYS WliiCI"t 11JT I?OOf 
NIU:RAYS WliiCH •~tSSED Hlf.H 
Nll=RAYS WHICH urSc;tu AC~Uo.,!; THt F~O"''l 
"'12=HAYS WHICH ~oo~JSSED LOW 
Nll=HAfS WHICH HIT SUPPOQTc; 
Nl't=WAYS IIIHICI"t WE~f Jr~ T"'tE TOWER S-iAOOlll 
Nl'3=RAYS WHICH WHic;TLl~ TH"'iOUGrl 
Nlh:NAY~ Wf'ti(P1 t'RAI"'[ S'1A.)0<ii[0 (IN 50.114£ ~E.LIO 

Nl/=kA1'S WHIC11 f!U~E. S~-tAOOioilD ON Ofl'l!~ HC:LIO 
N 1 d:NA fS WHICH FRAME HLOCKFU 0~ SA"t£ HEL I 0 
"'lq=RAYS WHICI"t rJU,.F. HLOCKfU 0/11 Of-tE.=, HELlO 

E TAl ET~? EU3 (T6c. (T6.5 (T6fl 

.n•o~ • QOOOn .9Q8q5 .07835 .29d20 .Zbc.Jt 

ffLVll t::f"LUC.2 EFUJ.l) Ef"LUlt't 

f7TA7 
.0081 u 

EFLU.ItS 

o.oo 

EF LUXb 

.471~90[•0'1 .15999c.E•09 .tc.JQQc;t:•O~ .tc.3-:t2"'f•Oq .I4U715E•O'l ·'ib970Jf'•O"' 

Nl N/ NJ ~· '" Nb ~7 '" N9 NIO Nil Nl2 NIJ Nl4 Nl5 
liHO 2b HbO 0 0 0 ZJ'H~ 301 l~ d 0 12 S< l~ 

40703..;II-2 

HTHJA 
.833 

.b3000 
1.22ooo 

o6&000 • 70000 
••• 8000 1.6.000 

(8), 

I'll 

(10) 

(ll) 

(12) 

(14) 

115) 

(16) 

fFLUl 7 EFLUl8 

.12tt7?7F •09 .1 S9ti86E•08 

Nl6 ~17 ~18 NIQ 

•• M 5 I 

(5) 

(6) 

(7) 
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HOURS OF' SnNSHI-.E 1'1 THE YEAR : 

ACTUAL NIRROP ARf.A 
63839,81 )0 

lNEACJY IKWH, 
U~SHAnoWEO 
SHADOwED 
LEAVING MIRROR 
CLE lNL Y AWAY 
.THRU APERTURE 
••~ow~ED 

OJRFC:T ~OQMAL lNEAGY 
3200.7139 

P(A SU• "'(JEQ 
26~~, R241 . 
250~.2242 
2255.6018 
2253.0071 
2204.2306 
19R3.S075 

TtfACKING EFFICIENCY WNStotAilOII'EO) 

NU~YER OF 
5UPP~RT5 

<UPPORT 
WJOTH 

ICLEANLY AIIAYJ 

2,0 ,2?.3Fo0~ 

TOP F'AAME 
60 

~ELinSTAT ~HAM£ WITS 

sror FRaME< 
32 

.AJ32 
• 703-l 

ENERGY LOST ON F"U.ME IN KwPI 

f'AAMF: '-ttAOOIII FRANE BLOCK 
0,., SAME rtFLIO ,,.. OU'F 1FLJO ON SAME H[LIO ON U!H HELlO 

JIQ41t27.2 )Oc;~llY.c. 9CtS~7n.b 7I03c..o 

5U"'' .. t.NY or Hit AND · RLOCKAuE C~U~TS 8Y FACET 

FACET TOTAL HITS LESS HITS liL~CKEU SY 
I NOEl HITS dt oc~s I 2 

I 675 675 0 
l 68] btU 0 
3 67S 675 0 .. 725 725 0 

• 0 
0 
0 

CAVITY II ALL MAP 

F'RO .. . 0 .o 45.0 90 .o .135.0 ISO ,0 U5,0 270.0 
TO 45,0 90,0 135,0 1 qo.o 225,0 270,0 315.0 

TOP 
rAOM TO 
c.J.z s•.o R<,2?.h 22.860 11-.bOi:f 74.040 2~.,68 b1. 78"1 54.565 
JZ.4 4J.Z 105,3qo 104.024 1CtS.4~9 I J2.249 IJJ,O~I 162,89• 79.266 
2lo6 J2,• 6R.4bY 79.841 3H ,637 300.875 321.0~3 lO ... l9Ct ))0.431:5 

10·8 21.0 ?..072 ::tiCt. 752 616.153 Sl2.452 ~0"1.792 ,61,00'> 94.744 
OoO I·O,H o.ooo ]4, 762 146,,23 276.797 27~. 742 19tt. 71 I;) I 1,800 

~QTTOH 

Cl MCUMrt:RE"'IT 1 AL AVE WALL rLua 

rROM TO AV( rLul AT SUt4 BOTTO'~ UP AT 'UM lOP DOWN 
o.o 10.8 6n,04l ~ft.O o.ooo o.o o.ooo 

10,8 ll.b II.,H76 •3.2 18144,635 I 0.8 9368,0A5 
?1.6 J2 ... lOI,R?J JZ,tt 6~166,09U 21,6 ~d071.~77 

32 ... tt:l,l J01,371 Zl,6 voo55,1 37 32 ... '>"'S60, 1?.'-
«-3.2 54,0 11,,203 ICr.A 1153~8. 7Zd c.J.l 10~592.178 

o.o 124720.~13 54,0 1~4726.~1~ 

CAVITY CULING ~·p 

F'~0114 o.oo !loOT 15.05 IV,I7 2Z,I4 
TO 11.07 1 s.6; 1•.17 · ZZ.I• Z•. 7!> 

AV£ 7 .tt1 I J,~6 n.5o 20.71 23 •• 8 

rAOJ4 TO AVE 
o.o .. s.o 22.5 Inc.. 716c:. 115,019·~ 7S. 7623 l3,850A 11Ct.~6CIU 

r.s.o 90.0 67,5 ?0.0650 I09.oH~ 98,25A3 11,.5579 69.59.15 
vo.o !35,0 112.~ 17«-. 7nsn 111,&969 108.167) 6l,JJ36 Jl,JZc.~ 

135.0 180,0 1~7 .~ 11,0231 1 o4, uao 5~.o~5• 3l,92IO ,8367 
1 ~o.o 22~.0 lOl.~ 4 7 .•2Sit ~t.J.or.itt ~9.311'.4 48,699R 7b.8tt~O 

z;.s.o Z70,0 247 ,, 96,9Q70 101,362] '"".57 28 160,!391 ...... 98t1Ct 
270.0 315,0 ~9?,1,? I00.2~J7 7~. 79?0 I 71, 11111~ .... . us• 9~ .988~ 

115,0 360,0 337,5 . 17 ,846? I 02 ,lil2~ 14"· 77"3 "'l,JJ70 107,,403 

40703-II-2 

(17) 

(18) 

(19) 

(20! 

(21) 

(22) 

(2.3) 

Jl~.~ 
3b0,0 

73.1\AI 
Qb.lot)A 
7l.M4?, 
o. nno 
o.nno 

!24) 

(25) 
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AZZIMOUTM AVE CEILING FLUX 
(2&) 

j:"RQ"' To AVE 
o.o lt.l 7.8 72.9191 

tlol IS. 7 I 3.6 107.9950 
15.7 19.2 17.!::1 IJ6ob52? 
~~.z 22.1 20.7 72.8~21 
22.1 2to.B ZJ.S 76.7112 

Jo411H/SO."' ENE~G'f' _.. OF P:J'iiER ro•ER MJPROI:I F'IELO (27) .. o. .A6Q£-Ol .:JISE•OO .29bE•Oo .SJOE•OO • J~TE•Ot) • 677F-OI .. .. ,.t o • ~ 

o. .t85E•OO o3&7E•OO ... 26£•00 .J72E•OO • 534(•00 oSOZE•OO .SJOf'•UO .lZb£•00 o • .. 
.ltoJE•OO o474F.•OO .:;88£•00 • 7RIE•OO .607E•Oo .MiZE•OO o590E•oo .~ZSPOO .144£•00 o"'45E-Ol .. 
.474[•00 .c;JS~•OO oh6EIE•OO .~61£•00 .SlJE•OO .57'1£•00 o695E•on ob"'Or•oo .Sbb£•00 .:.t48E•OO .. 
.totl£•00 .c;tSF•OO .794[•00 odbOE•OO .799£•00 .696£•00 o8Z2E•On o 758F•OO .700£•00 • 686£•00 .. 
.bZ4E•OO oSblF.•OO • 768E•Oil • 777£•00 .575£•00 .&63£•00 • 725E•oo oSblF.'•OO .~62£•00 ... 08(•00 .. 
.461£•00 obJS£•01) .5~6l•OO .ttHC't:.•uu • T4~!•01t .7i!DC •OO .t!'•2E•on ,lS~c;tn(l .111\fi.F•OO • J~IE•OO .. 
•• ?70£•00 • 731£•00 • 76SE•OO ,671[•00 .117£•00 .S16E-OI • 1'-9E•on .856£.-00 • 159£•00 • c!O .. E•OO .. .. .119£•00 ,lo84E•OO ,d8bE•OO , 711£•00 • 759£ •00 o109E•ot .616':.00 ,392£•00 .. .. 

o. .. .?55£•00 ,llbE•UO ,S7SE•Oo ,~o~95E•uo oloSZE•Oo oolll8F:•Oo .. .. .. 
NU~IH I"'ALr 'lfLn (N(RC.'I'• o6326E•O'!i """ SOUTH r14LF' f"JFI.n E'IIERG'I'= • 774;[•05 """ 

1-4ITS ON T"E HELlO FI£LU 
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o. .. .?49~·06 ,90)[•06 • f'4'1E•06 .. ,SJOE•O"J .1 05F•07 . • P2E•07 .tOH:•07 
,41 0(•06 .136£•07 .)68["07 .2'?4E•o·t o)7<o[•07 
oiH~·V 1 1""1'"on"1 o •alrtn7 .thlf"n7 :~~d!:~: ,li8E•07 : i47E•07 o?Z8E•01 ,246[•07 
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• nc;fo06 .209£•07 o;ol9(•07 .1:.12(•07 .)36£•06 .. .914(•0~ ol39t:•07 o254£•(17 o20 .. ~•o7 

o. .. • nor•Ob ,Zt)Sf•tl7 o251E•OT 

FLli.C LOST ToJ $1'1A00'ifi~Ci 
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o. o'i09b2F•0'-' o8A'oi1E•O~ .141t,117E•OS 

• 79932f•Ol .h0443f•\)':i .c;~oto9nE•OS ·11289£•06 
,,_Qi,9£;f • Oli ,nnlt.IOr•nli olf011)Qf tOh ·ft'a!i.tlf.•Q~ 
.136'-lf.•O~ .21024f •0~ .Jt819~E•OS oi7~UIE•Ob 

.tZIO~f•06 ,S,AblJF•Or; .)4;oO~E•Ofo .2tob~'-£•0b 

.b07'HF:•O'" • o\07Sl~ •0:; .)4717E•Ob oll J~l£•06 
o. oc;7'141oF •05 olSP71E•Ob .;4l~SE•05 .. ,44l5bJ;•011, ol:..)70(•0fo ol3bd('( •Ob 

'· .71pf'lf•Ott oJJ1?ht•Q? 

Flu-. LOST TU H(LJO!)TAT TO H(L JO')TAT SHA!)J~ll .. .. .... t.9"'F•n? • ?.Jt.IOt•OI 
o. ,t357b• •O';i •llto41(•0S • lnSttOE•O&o .. ·,24JZ'-JF •OJ oll"'blo£•01 ol29l5t:•OS 
.40695(•0~ 0 79876F. •04 • 7tt71t::•05 • JbZctQ£•05 
ol364l(•O":t .. 7n291F•Oio .32~13£•05 .380iDE•OS 
• ~oQlfl'iFtOi .5Rbl JF•07 •I019fl(•Ob oi452?E•06 
.60797£ •Oct ,6075U:•UT:» ollod?[•Qb o!HSitbl•U:.o .. .S1..,44f.•OC, ol5A7J(o06 o :)toJ!)t;(•O'!) .. t.t.lc;f'l'" ,nc; .1tf\8"iE•OS :~;~~~E :~~ c. u. oo.J••"tt:•O• 

Fllllt LOST hJ t1LOCII'A5f .. o • .. .. .. .. o • .. .. .. o • .. .. o • .. .. 
o. o 756SbF •Ol .. o. .. .. n' o. 
o. 0 ('Qio.i'O~· •O't o. .. .. o • .. o • .. .. o • o. .. .. o • .. 

(28) 

)) 19 s 0 
.33 30 •• 12 

" 
,. 

~e 14 4 
31 32 41 ll -~ •• ., •2 38 " 39 .. l2 33 2A ,. 52 41 38 " • 42 •• 43 
34 50 ,. 18 
55 24 20 0 

.152£•07 .102£•07 ,)94[•06 o • o. 
,153£•07 .14oii[•07 ,15~E·o·t ,647(•06 0, 
.11!7£•07 .169£•07 .)50£•07 .4t3E•Ob .271E•Oo\ 

:1~e~:~! .199£•07 .198(•07 olo\2£•07 ,997[•06 
oc!J5!.•UI oliiL'Iil 1LuiCoU , ••nr 91 

ol90E•07 .208(•07 .161(•07 .t~<IE•OI .117£•07 
.~08(•07 ,J4lt•Ol .?.)7f•07 .I =JI£•07 ,976£•06 
.14~l 1 0b .~l<o£•07 .!'45[•07 .. ~17(•07 ,i8~E•'J6 

.Zt7t:•07 .311£•07 o194t(•07 .tt2E•07 Oo 
.zlic;E•07 .I J0£•07 • 120(•07 o. o • 

• 27Z54tE •OS 
.36877[•05 
.929ltoE •OC, 

: :f1f;[:g~ 
ol JZ79E•O~ 
.tSObbE·O~ 
,J051t5E•OS 
.t649SE•O~ 

• pZZJ£•06 

t51071E•02 
.Qf>l4ttl•blt 
.)d957E•OS 
,),.667(•05 
.fi9337E•O'i 
0 15 780[•0'; 
olltlllll~•u., 

.t05tt5E•OS 

.27b7ZE•OS 

.31'•'·""-·••.u, 

.)62~0(•06 

ol ObZ6I::•Ob 
• 7!)231E•OS 
.c;76SOE•OS 
.16S.bUl•u& 
.ZOIOI£•06 
oll6biE•Ob 
.Zl8ft8E•OS 
• 742tt9E •OS 
.tSii7.1E•Ob 

.SJ514E•OJ 

.!iltllli ~04 
ofi61~U.•04 
.A9012t.•Ott 
.8SZ07E•05 
• 70777(•05 
.~u J'(rt o o., 
.21848(•05 
.570Z5l•OJ 

1111.1\IP fUll 

.68899[•05 o. o. fl. 
obllZOf.•OS .t7Q72F.•B6 ooii311ZE•05 o. 
o10~61iE•06 ol67b3£•1)5 o256l7E•05 •llZIOE•OS 
.69411AE•O~ .l8"S0F•OS ,415071£•05 el4948E•06 
•IJfliUt.•uu· ,Ul1HC•Ii~ eiUQJfd)t ,"l.,fonor•nt. 
oZIZZ9Eo06 .I04'-IF:•n6 .IQ~t7-;E•06 .~t818£o0S 
ol0647Eo0~ .88floUF.•OS o77J'il'lE•05 .4!3o\641F•OS 
ol0l87E•06 .Z27lSf•n~ .15076[•06 o. 
o8JS9ftE+05 oAlt66f'•fl~ .I:JSlOE•OS o. 
o6lZ6'lEo05 .Z5JSZF:•n':i Uo Uo 

.69230£•03 O. o. o • 
o('i1Uit.IU5 olllll••t:•IJ'J 01 0, 
o2S22'l£•05 .164111(•05 .Zito\1t&t:"05 .J1Zl0!•05 
o23228E •OS oi7A83F •115 o 13096£•05 o¥906Sr•Ol 
.78~65[•05 o57FI8Jf•OS .lllBIE•Ob ooll'il69DF•01t 
.961oSRE•OS ,31tl\08f.•OS .10798(•06 oSlBIB£•05 
.~ft~lo .. r,ot. .I!H.I'•F•OI!o l1719RFt01\ .i':\ltfaotaF•05 
oi0Jt17E•06 .17078F•O~ .6311tBE•C.S Oo 
o7Z5IOE•05 ,R7166f•OS .13530(•05 O • 
•an,urtUl •£:)i'i~r·o~ u! -:a 

(29) 

(30) 

(31) 

(32) 

o. .. u. o. o. o. 
o • .. o. o • o. o • 
o. o • o. o. o. o • 
o. o. o. o. o. o. 
o. u • 0• o. • 710l .. E•O!o 1) .. .. .. o. o • o. o. .. . . o. u. .:U•IIO!:·D~ o. 
o • .. U• 0. o, . u. 
o • .. o3090J[o05 Oo o. o • 
o. .. o. o. o. o • 
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TOTAL fLUX 133) 

o. o. .z•q7hE•O*' • 9) b06l• 06 .87657[•06 .)6802£•07 • J 0924[ ·07 .t ~18SE • Oh o. o • 
o. • s~qJSF.•D6 .llc.Ol£•07 .129:,4£•07 .JJOI~E•07 .t6lbH(•07 el4~82£e07 .16468(•07 .69012Eo06 o • 

.4ll1SF:•Ob • 14)79F•07 .J7)8ftE•07 .ZJC.tt9E•07 .IR322E•07 .J9lt41E•07 .17996( •0 7 .l52tlr.•n7 .43982£.06 .J0185F+06 

.13983E•07 .th21t0F+07 .zo"c.:l£•07 .l6SJOE•D7 el6537£•07 oi71;BE•07 e20611E•07 .zottt6F.•n7 .1~672£•07 ell46lF'•07 

.Jl940E•07 .t6850F.•07 .23~34(•07 .26tt19(•07 .24493£•07 .215~3E•07 .24910£•07 .2(!Jit0F.•I)7 .21~15E•07 el97Q5f+07 

.19091£•07 .t6651F•07 .2342,.£•07 .24715£•01 .. );7810(•07 .21007(•07 oU896E•07 .17)15£•1'17 .17939( •07 •l2209F•07 

.13268E •07 .190Q8r•07 .J7:l91'1f•07 .26«t0«t(•07 .22921E•07 .22012E•07 e27J71il( •07 • 22c;'i3F.. 07 .20198£•07 eY9965F:•06 
• 77476f.•06 .21528F•07 .?3t;07E •07 .1<,17bU•07 • 34bts9E•06 .16975[•06 ·22485[•07 • 267'11 f. • n 7 .23248[•07 .S85JOF•D~ 

o. .911i9J'IF•0'» .tS79U•07 .l67biE•07 .22023E•07 .22492[•07 o322J3Eo07 .202J3f.•07 .11353E•07 o. 
o. o. .73751[•0~ .208l~f·07 .?6378[•07 .300S2E•07 •• 3595[ ·07 oi2?2Jt•07 u. "· 

PERCE 'IT F'LUA LO$T TO SHaOOII-; (34aJ 

I I .JtCOJ0[-02 .1318RE•OI .31091£-01 .969SOE•OI .63069E-OI o. I I 
I .8766IF•OI .7172'E•OI • H9l?E •0 I .33466f:•OI .~4915(-01 .40796[-01 .t0592f•no .62469E•OI I 

.19 ... 1[-02 .4262~r-o 1 .31•56E•OI .4.0S~E-OI • SO 11 ~E-o I • J8697E·O I o60J91E·OI .l21.27F.-nl .SB371E-OI •l0l40f•OO 

.291D•E-01 • SS632F·0 I .7J,_7c.E-01 .27U6E-01 .71514E-DI .33600E-OI .33680[-01 .19284£-01 .27DHE·OI .1 J042F•00 

.11424[-0 l .12477F•OO .lHPE-01 .61J80E•OI .~6000E-OI • 76692E -o 1 .SSISQE-01 .28~87F.-nl .SIH2E-OI • i5211F -oz 

.6J424F•OI • 35201 r-o 1 .t\O.C.ItJaE-01 .~991SE•OI • 14561£•01 .95686£-01 • 9271 QE -o 1 .61oOSF.-nl .I0291iJE•OO .llt2447F-01 

.45821£•02 .31~11£·01 .B--99[•01 .ftll~l£·01 o65730E•OI .52914[•01 •ll27bE•OO .3~n2r-ol .3R321E-OI o23412F•OI 
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.I I .9~,o•E-D2 .162~4E•O I .SOI31E·OI .52766[•0 I o4653ijE•OI .20741F.-nt I 

PERCE~T FLUX LOST TO BLOCKAGE (34bl 

o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. 

o. o. o. o. o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. o • o. 
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o. o. o. o. o. o. n. o. o • o. 
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o. o. o. o. o. o. o. o. .. o. 

o. o. o. o. o. ·•S873E-02 o. o. 
o. o. o. o. o. o. • 

TOTAL PEACE~T OF fLUX LOST (34cl 
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• 291 04r -o 1 .SS632r•OI .13,14E•OI .27126£-01 .71SHE•OI .J3600E-OI •lJ680E·OI • t ~~i'•f ·n 1 .27034F.-01 •I l042F •00 
.11424E-OI ol252lf •On .HH ~E-01 .~1)b0E•OI o66000E•O I • 76692E·O I o55159E-OI .28~87F.•OI • S4l46f-O 1 oi5217F -oz 
.63424£•01 .3520if·01 .6o•••E-DI .~99ISE•OI .14561[•0 I .95686E·O I o9271~E-OI .61nOS!'•OI •• 0299[•00 .42447F•Ol 
.45821£-0i .47216£•01 .A4c;9QE-Ol .•314lE-OI o651JOE•OI .S2914E•O I ·ll27fiJE•OO • 3~222£ -n 1 .S4902E-DI o23472F•01 

o. .26916£-01 o67S17E•OI .21404E•OI .30400£-01 oiZ870E•OO o4619SE -0 I .Ac.~61F•Ol .64852E-OI o. 
.c.fa07lf•Ol •l213q[•OO .illi6E•OI • 74897E·OI • 33029E -o 1 o35614E•OI • 4JOd2F: -n 1 oii~IAE-01 I' 

I .~6'0'l•02 .1~2~4£-01 o50131E·OI .S2766l•OI • 46Sl•E -0 I .2074IE-nt I I 

RAYS WHICtl MISSED Hlr...t (35aJ 
0 0 0 0 0 
0 I I 0 I 
0 0 u 0 0 0 
0 0 I 0 0 0 
I n u 0 0 0 
I 0 I 0 0 I 
0 ?. I 0 0 2 
0 0 3 0 I 0 
0 I 0 0 0 0 
0 0 0 I 0 0 

RAYS WHICrt MISSED LO• (35b) 
0 0 0 0 0 0 0 
0 0 0 u 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 c 0 0 
or 0 0 0 0 

RlYS WHICtl MISSEO 4CJ.;0SS fAI').-,T (35cl 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 2 0 0 0 0 
0 0 0 0 0 0 
0 I 0 0 0 0 
2 0 0 0 0 0 
0 0 0 u u 
0 0 0 0 0 
0 0 0 0 
0 0 0 0 

RlYii WHIC11 WHISTLED THROUGH (35dl 
0 0 I u I 0 0 I 0 0 
0 I I 0 0 I 0 I 0 0 
I ?. 0 0 0 0 I 0 0 I 
0 I 0 0 0 0 0 0 I 1 

3 0 0 0 0 0 0 0 0 I 
I 0 0 0 0 0 0 0 0 I 
0 0 0 0 0 0 0 0 n 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

40703-II-2 



F-26 

Q&YS WHICPI HIT CORBELS 
0 ~ 0 0 0 u 0 0 0 0 0 0 
0 0 0 

0 0 0 0 0 0 
0 0 

0 0 0 0 0 0 0 u 0 0 0 3 0 0 0 0 0 0 0 I 0 0 0 0 I 0 0 0 0 I 2 0 0 0 
0 0 

I 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 
0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sl AUAAY • 7AOSSr •00 .7ZSI7~•00 .!Jbli7E•OO .SblOlE•OO .-.lllllE•OO .)UQI£•00 .tll'ttiE•OttO. 
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12 
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•• 
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101 
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"" 12• ........ 
til~ 

-~~ 

•E 
.JJ'IE•oc. 
.~t7:J[. •Oit 
.c.&JE•Oit 
• J~lE •01t 
,47)£•04 
,ot8~E•01t 

.~o!~·o• 
,S07E•01t 
,c.7Q[•Oft 
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,Coi'lt.'Uif 
,J61E•Oc, 
.IS9E•OS 
.197£•05 
.176[•05 
.533£•05 

0 b 0 0 
7 • s 0 0 

• . 2 . . . s 8 0 
s 3 • s • • J 7 • s I I I 3 I 2 3 0 
s 2 2 • • J s • 0 

• s I 2 2 I 2 7 0 
2 2 3 8 8 2 I 7 0 
7 5 I 3 2 I 3 0 0 • 7 3 I .I " " 0 0 
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"' T _, I" i:ali .,o;;,,; o,·,·u~' 8\IAil., ... !ITQ 

-F /N -~1'-N Et-~ N F'IHO 5 F IELO 
>.S 20 •• Ill 1('3 
7.1 2> 71 11~ .3 ,. 

"' 03 ... ... 
» ?o 71 101 yl 

••• 2• •• Ill 112 
?B. ,. 9b "' ... 
>b '" R3 ll':i 113 
n " 

,. 
"' 99 

?.7 " 91 ... 110 .. 23 •• 109 112 
7.0 17 100 IZ?. Ill 

~' I• "' ll) 102 
97 "' '" ... ., 

109 •• ))9 ••3 "' 112 91 340 ... C.Jl 

,..If-; IN NOHTH[AST ~!>HTHIItEST DIVIDED OUAOHt.NTS 

•Nr/l'h •Nf./•N• tiC:: I-N~ "'"4(1f4•·~£/-Nir .. •• 43 107 
39 I• •S 8• 

" 21 bl Ill 
•I " 

,. eo 

" 2• ., 9' 
<5 " 57 112 ,. ~·. cc ... 
•5 I> " 99 

•• I< so •• 
•5 " 51 •• 
38 " •• •• 
>S ll 53 •• ... " l'!\1 ]•f ... e • ~IJ '-9C' , .. .. 201 lt:IS 

13 IS TMF. IIJNTER "'IO~T ... ~ 

I• IS T11E St~N'4(~ otO-.,TH!:I 

,, IS THE SPRING A~) J'All MONTHS .. " THE tnTAL Y(A4L Y E~EHGY 

E•:EAGY Jll ~At. T NOUI!-1 OJVIOEO QUAO~AP.g 

" ,. •• N r lEU) S rtELO 
.qzJE•OJ oi2:5E •Uio .c.OSE•Oit ,7c.SE•Oit .ztqE•o.., 
.1 OIE~Oc. .10~[•04 .:leA .. ·.n,. .861E•Oit .zo~E·o,. 

·"18£•04 ol75F:•OC. .lt1Ql•04 ,GJZt£•04 .)c;lc.£•01t 
.141[•04 ,ijlltt.•UJ ... J,t•Oit .8Z7E•Oo~, •l'~9C •Oft 
.~02E•Oc. ,lt!QOE.•Oio .~oS&£•O~t ,929E•Oo~J , .. o~C•Olo 
.21 lE•Oc. .IOH:•Uc. .S70£•01t ol06t::•OS o)lq(oQ<I, 
! 17~E•Ot. .1~7E•Oio .S22E•Oio .IOJ£•05 o)6c;ll•Oio 
·1~7(•04 .l~Or•ij4 ,41:.1t.o04 .Yt6t.•U&t o.JII')t•Uil 
o)bGl(•OC. .l01t£•01o .Sio8E•Oio .103£•05 ·211£•04 
.1 ?hftAC. .IOSF!O't .c.ttz~·o• .ec.7E•Oc, •2llE•Oit 
.~uut•u.' • '""l'•03 ... e~r.. e• .0•. 7C •0•, .U~i·O• 
.tl6E•Oio .75)£•0) ,J28t:•OC. o690f•OC. ol9~E•OC. 

.3S'It.•04 .J!5lt •Uit .tS!~•O! .Jt4E•OS o770£.•o• 
• 77lE•Oc. .69)£•01o ,tCH(•OS ,)c;l4(•05 .147[•05 
,,Sio(•Oio ,lo71o£•01o ,JR6E•05 • l6lE •OS ollJ£•05 
ol82E•O; .15')£•0; .SJ!S£•05 .107[•06 .3)7£•05 
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ENERGY IN ~ORTHEAST ~ORT~wEST OJ VIDEO QUADRANTS 

MONTH NORTH 
I .tt59E•04 
2 .SO'i£•04 
J ,555E•04 
4 ,SJJE•04 
5 .575E•04 
6 ,570E+Olt 
7 ,632E•04 
8 ,549E•Olt 
9 ,643£•04 

10 .552£•04 
II .571E•04 
12 ,485£•04 
13 .202£•05 
lit .2JlE•05 
15 .228E•05 
16 ,663E•05 

WEST SOUT~ 
.294£•04 .459£•03 
.217£•04 ,87JE•OJ 
,J28E•04 .139£•04 
o214E•04 ,888E•OJ 
,JQS£•04 ,JBJE•Olt 
.)39£•04 .IIJE•04 
.257£•04 .• JSSE•Oit 
.254£•04 .IJ9E•04 
e277E•Olt ,8HE•OJ 
·213£•04 .682E•OJ 
·169£•04 .636E•OJ 
,Jltl£•04 .585£•03 
.823£•04 ,255E•Olt 
·115E•05 ,590E•Oit 
.IOJE•OS .J8JE•04 
,JOtE•os .123£•05 

IJ IS THE WINTER ~O~THS 

lit 15 THE SUMHER HO~THS 

EAST 
oi6JE•04 
.254£•04 
.294E•04 
.zzoE•04 
~267£•04 
.356£•04 
• 354£•04 
,)60[•04 
.293£•04 
o247E•04 
,JCJ7E•Oit 
.195E•04 
.809E•Oit 
.)34[•05 
,JOS£•05 
,J20E•os· 

15 IS THE SPRING AND rALL MONTHS 

16 IS THE TOTAL YEA~LY ENERGY 

TCY TCY SCOPE J,lt,J 406E,275 02122177 
2lo46oi6.DOCOORN rROH liN 
2lo1t6oi6.1P 00000256 WORDS- riLE INPUT , DC OOo,IN 
21.46el6.00CeT1500tHTl•P4, 
21.46.16. 
21,1t6.17,USERIZXrJ7TCol 
21olt6o18,PROJECTI 0 819•1 
21.46el9,ACC~t TM9ll• •8}9• 
21,46el9,LA~ELCSAMPLEtl=OOCMENtVS~•XJ05AeR, 
21oS1oOO,MTSO VOLUME SERIAL NUMBER IS OXJ058 
21.5loOO.~T50 ASSIGNED To SAMPLE 
21·5loOit.SYSN= OXJQ58o RO ACCESS G~4NTEO 
21.51,05. LABEL READ WAS OOCMf.N 
21,51,05, EDITION NUMBER 01 
21,51,05, RETENTION CYCLE 000 
21,51,05, CREATION OATr 77060 
21.51.05, REEL NUHRER 0001 
2J,51.05.UPDATEI~=SlHPLE,~•Corl 
21.51.15. UPDATE COMPLETE. 
21o51.15.FTNI I•COHP·ILEI 
2lo5lo02. 22o87J CP SECONDS CO~P!LATION TIME 
21.5J,02,LGO, 
21.5l,41t,LOCKIN. 
21,57,51, STOP 
21,S7,51,0P 00075008 ~OROS- r1Lr OUTPUT • DC 40• IN 
21o57oSI.ISEOo ENTERED QUEUE 21,46.11 77080 
21,57.51,1SSWo . 275,?.70 EXECUTION TIME 
21o57o51,MS 1Jb192 WORDS I 18?.784 MAX USEDI 
21oS7o51oCPA 166.701 ~EC. 
21.57.53.10 108,569 ~EC, 
21oS7.5J,CM 2208,491 KWS, 
2lo57o5J,ISSNo 200,220 TOTAL SRUS ~ON-APPLICATION 
21.57.5J,PP 94,725 SEC. OATE OJ/~1177 
21.57,5J,EJ ENO or JOBo IN 

TCY TCY SCOPE 3,4,3 406E,?7S 12122177 
21,46.16.00COORN rROH liN 
21,46,16,1P 00000256 WODDS - FILE INPUT • DC OOo IN 
Zl.46.16.00CtT1SOOtMTl•P4. 
~),4.C..I6. 
21,46,17 ,USED IZXrl7TCo I 
21,46.18.PROJECTI 0 819°1 
21.46,}9,ACCN• TM9ll• •8t9• , 
21.46ol9oLAdELISAMPLEoL=OOCHENoVS~=•J05AoRI 
21.5loOO,HT50 vOLUME SERIAL NUMHER IS OXl058 
21.si.OO,MTSO ASSIGNf.O To SAHPLE 
21o51o04.SVSN= OXJ05Ao RO ACCESS GRANTED 
21.51.05. LABEL READ WAS OOCM~N 
2J,SI,OS, EDITION NUMBE~ 01 
21.51,05, RETENTION CYCLE 000 
21,S1,0S, CREATION OATf. 77069 
21o51oOS, UEEL NUHRER 0001 
21.S1.05.UPDATEIP=SAHPLEoWoCorl 
21.51.15, UPDATE COMPLETE. 
21·5lo15.FTNII=COHPILEI 
21.53.02. 22.873 CP SECONDS COMPILATION TIME 
21.SJ,02,LGO, 
21.5l.44,LOCKHh 
21,57.51. STOP 
21,S7,51,0P 00075008 ~OPDS- riLE OUTPUT • OC 40• IN 
2J,S7o5loiSEQo ENTERED OuEUE 21,46.11 77080 
2J,s7,51.1SSWo 275.270 EXECUTION TIME 
21.57o5lo~S 1Jb192 WOROS I 182784 MAX US~OI 
21o57o51oCPA lbb.701 SEC, 
2loS7o5J.IO 108.569 sEC. 
21o57.5J.CH 2208.491 KW5, 
21,§7o53.olSS>h ao0,220 TOTAL S•US NUN-APPLICATION 
21,S7.SJ,PP 94,725 ~[C, DATE 03121177 
21,S7,5J.EJ END or J08o IN 

EAST • WEST 
e457£+04 
,471£•04 
,6UE•04 
.434E•04 
.572E•04 
.695£•04 
.611[•04 
.614£•04 
,S70E•Olt 
o460E•04 
.366E.•Olt 
,JJSE•Olt 
.163£•05 
.249E•05 
.209E•05 
.621£•05 
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