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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)­

ll09. The report is submitted for review and approval by ERDA. This is 

Volume II-Book 2 of seven volumes. 

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

Model program, HELIAKI, should be cautioned that, although 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 unused 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 report. 
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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-generated 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 year's time using a Monte Carlo ray trace technique to 

solve the multiple integral equations. An artist'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 heliostats 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 

and held in place by three corbels. Sun rays from various parts of th'e 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 heliostats 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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Although 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 four-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 present code. 

Other code versions have included options to perform 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 

techniques for analyzing design change impacts on performance. This pro­

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

Even though users of this program may not 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. 

40703-II-2 
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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 model. 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 need be input by card. 

It should be noted that units are mixed. English units are used for 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-II-2 
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SECTION 2 

BASIC FORMULATION 

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

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

instant depends on the exact path of the ray through the optical interfaces of 

the system. These interfaces are the mirrors on the heliostats and the 

actual surface of the receiver. 

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 any 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 15
1 

and 62 and the impact point coordinates 

are x
1 

and x2• then the total thermal power absorbed in a wavelength interval 

dX. is 

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 is required. This yields 

40703-II-2 
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mirror sun 
surface disk 

Ep = J J J I 7 E(Xl' X2, 61, 62' "-) dXl dX2 d61 d62 di\. (2) 
~ xl x2 ol 02 ---total spectrum 

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

There are four uncertain optical parameters that are known only statistically. 
The first two parameters are uncertainties in the angular position of the two 
gimbaled tracking drives (01, 02). 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 these four parameters is statis­
tically independent of each other or any other design parameter. For example, 
a given 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 ripples but rather as 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 
11 normal" or "standard error" distribution. 

Now consider a random-variable Z defined by the normalized probability 
distribution P(Z). If we wished to calculate the mean value of Z(=Z) or its 
expected value, we would form the integral of the product of P2 (Z) times Z 
over all allowed values of Z, i.e., 

a, 

z = J (3) 
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To simulate a specific error set (l\, 02 , ¢ 1 , ¢ 2 ), one would have to evaluate 

Then the expected value of the thermal power absorbed (Ep) is given by: 

EP = ff ff Pe?1lf'¢
2
<92JP~

1
<¢1'JP¢

2
<¢2JEp< 81·82·¢1 ~2):J.81d82ci/J1ci/J2 

61 62 ¢1 ¢2 (5) 

because each distribution is statistically independent. The above expression 

is: 

Ep = f J J fpo Pa_ pi p¢ J f J J J Edo2dol cr.~).d>-~>2~~1 d~d01 

01 ~ ¢1 ¢2 1 ~ 1 2 ~ xi ~ c\ ~ 
'-v--' ~ "'""""~ ~ 

tracking mirror total /"" I sun disk 
errors imper- spectrum 

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 

P· l 
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Furthermore, integration over the total number of hours of sunlight during 

any given time period results in the expression 

WT = f ET dt 
time period 

(8) 

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 of the system led to the decision that the experimental 

Monte Carlo approach was more suitable to the problem. 
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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 :vlonte Carlo technique. Any Monte Carlo computa­

tion that yields quantitative results may be considered as estimating the 

value of a multiple integral. The simplest Monte Carlo approach is to ob­

serve random numbers, selected 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 receiver 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 3.tmospheric 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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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 - - -(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 be 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 

earth at the tower base. Figure 3-2 shows the field 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. 

40703-11-2 
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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. Specifically, 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 

rotational attitudes, they could occupy all points 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. Figure 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 INHIT) 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 1 O) heliostats which can 

interact with the ray. 

40703-11-2 



3-6 

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 O to 8. Heliostat number 1 is bounded by radii r. and 
l 

ri+l as well as a boundary equidistant between heliostat number O 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 

example 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 list of heliostats is to 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 HIT 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 aim 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 
Xe, Y c' where the X axis lies along local east and Y is positive along local 
north. A vector from the heliostat center to the aim point on the aperture 
opening can be written as 

T = -x uE - y uN + <TH-o 112> N + -a C C . CO ( 9) 

-where o is a small vector from the tower top center out to the aim points 
(calculated in subroutine AIMPP). A unit vector pointing from the heliostat 
center to the aim point is 

UT = T/ ITI (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 

___. .... ... ... 
UMN = (UT - UR) / \UT - UR\ (11) 

.as calculated in subroutine MIRRN. 

The heliostat 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 motor such that the inner rotations are the same for all facets. 

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 hit 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 axis can be specified 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 Figure 3-9 and is considered advantageous with regard to mirror 

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) 1JY 2 + X 
2 

C C 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 

- -- .--:,,. ~ 
UAXV = UMN x UHV / \UMNx UHV\ (13) 

The vector normal to the inner axis of each facet, and lying in the plane 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 mirror facet hit tests. The geometry for each mirror hit 

test is shown in Figure 3-10, where 1 is the diameter of the cylinder of co 
influence, (X , Y ) are the east and north coordinates of the ray start point 

-- p p 
and UR is the sun vector. 

exp, v P' o> 

ST ART POINTk~ 
~ UR - ---~- - -

7 
_ - - TEST PLANE ,,,,., 

HELIOSTAT ,,,,.,,,,..,,,,..,,,,. 0 col 

.(Xe' y c) t!" 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 = URL (16) 

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

plane. 

Recall that 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 
~ 

from the ray start point to the center of the test facet (to be called VC). 

which is given by 

- ~ ~ - ~ 
VC = U E ( x -x ) + UN ( y -y ) + N D l / 2 - Dt t U HV (1 7) 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 Dtest term is the 

distance from the heliostat center to the test facet center. 

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

plane normal to UMN 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 

- ,_,:a .. ~ __.:.i. 

VC · UMN = v ti • UMN (18) 

and substituting Equation((l 6) 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 surf ace plane from the center of the facet 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 point to the 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 place by a frame structure as previously 

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 for a 

prior hit on the frame structure. The frame modeled in the ray trace code 

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

angle 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 for -a frame shadow. The "VS" vectors start at the ray start point on the test 

plane and extend to a point on the frame corresponding to the middle of one 

of the seven different planes defined by the "I" beam structure. For example, 
--"' 

the vector VS5 goes from the ray start 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 the 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 
CX y ) 

p, P START POINT 

FRAME 

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

Figure 3-11. Heliostat Frame Model 

--VSl = (X -x )UE + (Y -Y )UN - DC20L N - HTMIR UBEDN 
C p C p 

-VS2 = VSl + (WD+cAP+WLONG) UAXV - WSID~ UBEDN 
2 2 

-----=-
VS3 = VSl - (WD+CAP+WLONG) UAXV - WSIDE UBDEN 

2 2 

-~ VS! - HTCROS UBEDN VS4 = 2 

~ 
_ ... 

~ 

VS5 = VS4 - XDF UHV 

-- ~ -VS6 = VS4 +XDF UHV 

-- --

(21) 

(22) 

(2 3) 

(24) 

(2 5) 

(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 frame 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 "I" beam cross braces, the plane normal is defined by DHV 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 point on the plane is L UR. As in the mirror - ~ 
hit test we have two vectors, L UR and VSl, which start at a single location 

in space and end on a plane with known surface normal, in this case UBEDN. -The length L from the start point to the hit point along the sun vector UR is 

found by 

- --~ ,_.._ 
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 

---·-· .:::. _ _,.::. _, 
RHIT = -VSl + L UR (29) 

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

coordinates of the hit point are: 

-- __,. 
XHIT = RHIT . UHV (30) 

and 

---~...._::._ 

YHIT = RHIT · 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 YIITT to the dimensions 

of that portion of the frame. Again the order of the heliostats tested in this 

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 

surface. 

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 sun's energy from O out top 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 the area of the disk, we simply 

draw uniformly over the abscissa (energy axis) of Figure 3-14 and Equation 

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

draw the random number x
1 

uniformly from O to 1 then the value of p for 

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

P = Pmax Fi (33) 

The ( 0) coordinate is found from another ( independent) uniform number x2 
drawn from O to 1 by 

(34) 

~ -
If we arbitrarily define two axes in the sun face (UX 1 , UX2) then the rotation -angles of UR about these axis (~B:t., Ll.02 ) are shown in Figure 3-15, which 

are given by 

~0
1 

= p sin 0 

~02 = p cos 0 

4O7O3-Il-2 

(35) 

(36) 
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-- -Thus, we can perturb UR into UR' with 

--'=-
UR' 

- -- __.. 
= (~R - Tan A02 UXl - Tan ~-~l __ ux.2~ 

y1 + Tan2 
AR2 + Tan2 A01 

(37) 

The three-space drawing from which this can be derived is shown in Figure - ~ ---3-16. Notice that (UR, UXl, .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 p is 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 

( 3 3) is then the bas is 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 
--···-- --' ·- ·- ..-'::a.. -·-· __ , 

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

error) is shown as A it,_ and the rotated heliostat orientation vectors are ___ , 
shown as dashed vectors UBEDN' and UAXV'. The vectors are constructed 

by 
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9 

ANGLE FROM C&NTER (,i 

Figure 3-12. Ray Start Point 
Plot 

Figure 3-13. Uniform and Weighted 
Draw 

ENERGY --" 
UXl 

ANGLE FROM CENTER (p) 

-UX2 

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

~ 

UR 

Figure 3-16. Three-Space 
Drawing 
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. I 
-UB~E-D ...... N UBEDN 

OUTER AXIS ROTATION 
__. 
UHV 

UAXV 

Figure 3-17. Heliostat Orientation Vectors 

___ , ~ 

UBEDN 1 = cos ~©i_ UBEDN + sin D-¢i_ UAXV (38) 

UAXV1 = cos ~©i_ UAXV - sin ~©i_ UBEDN (39) 

Next, the ef.!ect of this rotation on the nominal mirror normal must be 
-~ .___,l, 

developed. Referring to Figure 3-18, the UMN and UXV2 vectors must 
- -l. --==-rotate around UHV. With the rotation about UHV the components of UMN __ , ~ 

8.lld UXV2 along UHV are unchanged. The magnitude of the projections of 
~ ~ 

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' = (UMN · UHV) UHV + (UMN · UBEDN) UBEDN' (40) 

uxv-->-2' = cuxv2 • DHV> UH\T + cuxv2, UBEDN) UBEDN' (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 UAXV '. 

Only the vectors associated with the mirror facet must be rotated. These 
_-=:. -, 

vectors {UMN' and UXV2 ) and the rotation are shown in Figure 3-19. The 

fully rotated vectors are 

~ ---==- ~ 

UMN " = cos 6.¢2 UMN ' + sin 6.¢2 UXV2 ' 

___:., ____.::. ~ 

UXV2 " = cos 6.¢2 UXV2 ' - sin 6.¢2 UMN' 

(42) 

(43) 

The error angles (6.¢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. 

_..:::,,. 

Recall that the derived UMN " vector is the nominal mirror normal at the 

optical axis of the heliostat. In other words, it describes 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, et, for each facet of each heliostat in the field {subroutine 

TOEIN). The toe-in angle is specified by a reference sun position for 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 are constructed by 
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OUTER AXIS ROTATION 
----1, 

~----+--l• UHV 

Figure 3-18. Rotated Heliostat Orientation 
Vector 

~· UMN 

I 
I --· ~---...,...-----~ UXV2 

INNER AXIS 
ROTATION 

' -~11 
"- UXV2 

l 

' - -Figure 3-19. UMN and UXV2 Rotation 
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-- -- -UMNi 11 = cos et UMN" + sin E\ uxvz 11 

uxvzi,, = cos et uxvz II - sin E\ UMN,, 

(44) 

(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 baseline tilt-tilt heliostat, each facet has a 

spherical surface which focuses at a distance F such that the radius of 
. s 

curvature is 2F s. The facet surface and required vectors are shown in 

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 11
) can be found by 

lJNN" 11 =(-HHS+ 2F UMN'. '')/(RHS + 2F UMN. ") 
S l S l 

(46) 

Neglecting the small displacement can be thought of as modeling 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 local facet tangent vector is constructed as follow·s: 

TI = RHS - (RHS . UNN ") TINN II (47) 

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

~ _.:a,. 1-.::.1 UTT 11 = TT/ TT (48) 
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--' 
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Figure 3-20. Heliostat Optical Model 

HIT POINT NORMAL 

~ 

UNN" 
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~ 

UTT'' 

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 

---===- .--:::. ~ 
UT2 ,, = UTT" x UNN 11 (49) 

The next and final perturbation of the heliostat mirror normal is the angula~ 

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 lJNN1> and is given by 

__,_ ____.=. ~ 

UNNP = cos 61 UNN 11 + sin 61 (cos 62 UTT" + sin 62 UT2 11
) (50) 

where 62 is drawn uniformly from 0 to 360 degrees and 61 is drawn with a 

normal distribution 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 61. The plane in which the 

61 rotation occurs is equally 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 heliostat surface. Such a position-dependent variation could be a gravity 

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

stochastically, this also could be included in the analysis. 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 USl is 

- --- --""- --- __:,,,. 

USl = -2(UR' · UNNP) UNNP +UR' (51) 

__,:,,,,. 

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

finite sun size, imperfect tracking drives, a facet toe-in strategy, and mir­

ror surface imperfections. 
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AT THE HIT POINT 

____,l 11 

~-,-+----~UTT 

Figure 3-22. Mirror Normal Perturbation 

......,. I 

UR 

HIT 
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I \ 
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\ 

' \ .......... ' \ ~ 
' USl __ _., 

---

Figure 3-23. Reflected Ray Vector 
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BLOCKAGE 

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

test formulation for L is 

_..::,,. --- ____,__ _ ___::.. 

L USl • UMN = (XC-RHS) • UMN (52) 

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

facet centE!r to the blockage point is RRB, which, by simple fector addition is 

__.,,., ___.::,,. __..:,,,,, -
RRB = -XC + RHS + L US 1 (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 extending -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 heliostats 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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THE VS VECTORS ARE THOSE WHICH START FROM A 
MIRROR HIT POINT AND END ON ANOTHER HELIOSTAT 
FR1ME A_T THE CENTER OF EACH PLANE 
CVS2, VSS, VS6 ARE SHOWN) 

N 

t -~ 
k:::::.uE 

Figure 3-25. Frame Block by Neighboring Frame 

The 11
~

11 vector from the hit point to the center of the test frame plane is -- -~ 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 used 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 0 , and a cone 
C 

radius, R cone, at a set height up the aperture (HTOT /2). The nomenclature 

is shown below. 

R CONE 

PORTION OF 
CAVITY 
APERTURE 

APERTURE LOWER 
~- BOUNDARY CDISC) 

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 vertex is defined to be at 

height z
0 

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

lower aperture disc. Then z is calculated as 
0 

z = HTOT 
0 2 

Rcone 
tan ac (56) 
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Figure 3-26. Cavity Aperture Cone 
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The ray to be tested for a hit is US1 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 cone 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, 

~ __::.. ~ ..::. 

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 1 defined by one set of 

RHIT I AL and zhit is carried. 

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

cone vertex, 

lfilml = (Zh.t - Z ) tan 0 
l O C 

(58) 

~ ~___:::. 

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

(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 USl 

and (D + Zhit N) extend from the same point in space to the surface of the hit 
... --.:a. ... ... 

plane with unit normal N. Therefore1 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 f 1 /(USl. N) - 1 - tan 0 C 1 

+ zh.t f2(D• N) /(US1• N)2 
- 2(US1· D) /(USl· N) + 2 z tan0 1 

1 0 C 

+ - 2 (D· N) (U.-::i1 · D) + (D· N) + CD· D) - Z 2 tan2 0 = 0 l 
.... ~ .. .. -2 f 

USl· N (USl· N) 2 o c 
(61) 

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 cone. 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 Ren, c~ be .. located anywI_:ere in space 

as defined bythe 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 

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

terminal point of i5 is the reference height along the cylinder (z = 0). 
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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 center of a hit 

plane is defined as YUP. 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 height z 2 for the ray exit 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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-where 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
1

. 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 + VUP) must have the same projected length -along N, therefore: 

.--:a ... ... ____., ... 

L
1 

USl• N = (D + VUP)· N (64) 

or 

.... .... -
(D + z

1
N)• N 

Ll = US1. N (65) 

By substituting L
1 

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

(
:6. N + z ) RHC = _ _ l USl - (Zl N + D) 

USl•N 
(66) 

__.. 
Since RHC goes from the axis of the cylinder to the hit point, it must have a 

magnitude equal to the radius of the cylinder. 

~ ·- 2 RHC·RHC=R l cy 

___.._ 
Substituting RHC from Eq_uation (66) into Equation (67) yields a quadratic in Z 

... ... .. ___. 

z2 [ 1 _ l] + z [ 2(D· N) _ 2(D· USl)] 
cusi. N°>2 <US1 · N>2 flsi. N 

+ [ (D•N)2 - 2(:0• N)(D• US]_}+ i5. 5 - R 2] = 0 
( US1. N) 2 USJ.. N cy l 

(67) 
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------- ------

3-37 

The solution of the quadratic yields the heights z
1 

and z2 of two piercing 

points of the test ray. Imaginary roots indicate that the ray failed to hit the 

cylinder. The distances L1 and L2 may be found from Equation (65) and the 
___,. 
RHC vectors from Equation (63). For cavity wall flux maps it is necessary 

to determine the location of the hit points in terms of local coordinates 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 01 and 02 from the y axis to the hit 

points. 

ENTRY POINT (X, , Y ,> 

UN 
---x 

Figure 3-28. Test Plan Coordinate 
System 
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A-1 

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. 

40703-II-2 



AIMPP 

DETERMINE 
APERATURE 
CONFIGURATION 

RETURN 

• 

A-2 

CALCULATE 
AIM POINT 
VECTOR 

RETURN 

AIMPP calculates a 
vector from the hel iostat 
to the receiver aperature 
opening sllch that the 
heliostat will redirect the 
sun image to miss the 
corbels. 

Figure A-1. AIMPP Program Flow 
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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 

AANn B, AAND c OR 
BAND E> 0 

? 

IS THE 
ABSOLUTE VALUE 

OF THE 
DOT PRODUCT 

OF A AND_A, B ~ND B 
OR C AND C 

> l 

RETURN 

A-3 

YES 

YES 

CHECK R tests ortho­
norma I tty 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 

YES 

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 indicate that the ray 
missed cone. 

RETURN 

RETURN 

Figure A--3. CONE Program Flow 
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DOTER 

CALCULATE THE 
DOT PRODUCT 
OF THE TWO 
INPUT VECTORS 

RETURN 

A-5 

DOTER computes the dot 
product of two vectors. 

Figure A-4. DOTER Program Flow 
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( FDRIVE ) 

CALCULATE VECTOR FROM 
HELIOSTAT CENTER TO 
HIT FACET CENTER 

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 

~ I 

( RETURN ) 

A-6 

.....,_--t:~. CALL AIMPP 

FDRIVE sets up the hit 
facets vector triad for 
hellostats with lndepen,­
dent facet drives. The 
facet Inner drive axl~ Is 
rotated to a position such 
that the redirected beam 
Is as close as possible 
(Ignoring tracking errors) 
to the desired alm point., 

Figure A-5. FDRIVE Program Flow 
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FINDIT 

INITIALIZE RAV 
START POINT 

CALL RINDX 

SAVE CLOSEST 
HELIOSTAT CENTER 

FIND RAV 
END POINT 

CALL RINDX 

SAVE THE CLOSEST 
HELIOSTAT (CENTER> 
TO THE RAV END 
POINT 

INITIALIZE RAV START 
POINT AND HIT HELIO­
STAT CENTER 

FINDI A 

A-7 

FINDITB 

FINDITA 

SAVE THE CLOSEST 
HELIOSTAT (CENTER> 
TO THE RAV ON 
POINT 

NO 

BEGIN ITERATION OVER 
NUMBER OF CHECK 
POINTS ALONG THE 
RAV PATH 

Figure A-6. FINDIT Program Flow 

40703-11-2 

FINDIT generates a list of 
mirrors that lie a long an 
Incoming or outgoing ray 
path. It performs this 
function by calculating 
which mirrors could 
Intersect the incoming or 
outgoing ray between a 
test plane and the ground 
plane. 



FINDITA 

BEGIN ITERATION 
OVER SAVED 
HELIOSTAT CENTERS 

SET TEST HELIOSTAT 
CENTER 

CALL INHIT 

SAVE HELIOSTAT 
CENTER LOCATION 

INITIALIZE HIT 
COUNTERS 

A-8 

INCREMENT SHADOW 
COUNTERS 

SAVE HIT HELIOSTAT 1----M FINDIT C 
VECTORS 

Figure A-6. (Continued) 
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FINDITc 

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) 

40703-II-2 

RETURN 



FINDIT B 

BEGIN ITERATION OVER 
SAVED HELIOSTAT CENTERS 
TO CHECK FOR FRAME BLOCKS 

SET TEST HELIOSTAT CENTERS 

CALL OFFBLOC 

SET FRAME BLOCKAGE 
COUNTERS 

YES 

SET BLOCKAGE 
COUNTERS 

NO 

A-10 

Figure A-6. (Concluded) 

40703-II-2 

RETURN 



A-11 

FRAME 

INITIALIZE FRAME PARAMETERS 
SET VECTORS DEPENDING ON 

a) FRAME SHADOW 
b) FRAME BLOCK ON SAME 

HELIOS TAT 
c) FRAME BLOCK ON OTHER 

HELIOS 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 10 10 

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. 

RETURN 

INCREMENT 
FRAME PLANE 
HIT COUNTER 

Figure A-7. FRAME Program Flow 
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A-12 

HELIAKI 

CALL INITCOL 

YES 

CALL MONTE STOP 

YES 
CALL MONTE2 

Figure A-8. HELIAKI Program Flow 

40703-II-2 

HELIAKI Is the controlling 
program. Depending on 
the program opt Ions select­
ed. HELIAKI calls the 
appropriate routine to 
perform: 

a. A time point 
simulation 

b. A time Integration 
simulation 

c. Both a time point 
and time integration 



PRINT 
FACET 
SUMMARY 

NO 

HITFAC 

INCREMENT 
FACET HIT 
AND ONBLOCK 
COUNTERS 

NO 

INCREMENT 
FACET HIT 
AND OFFBLOCK 
COUNTERS 

A-13 

YES 

NO 

INITIALIZE 
SUMMATION 
ARRAYS 

RETURN 

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

RETURN 

RETURN 

RETURN 

Figure A-9. HITFAC Program Flow 

40703-II-2 

HITFAC keeps track of 
which facet II ray hits on a 
tven hellostat. It fcer-
orms this function or 

Initial hits, as well as for 
shadowing and blockage 
counting. 
HITFAC can be called in 
one of three modes: 

a. lnltla I lzatlons 
b. Calculation and 

summation 
c. Output 



INHIT 

CALL MTRRN 

CALL TRIADS 

PERFORM ITERATION 
OVER NUMBER OF 
FACETS 

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

FIND INTERSECTI-ON OF 
INCOMING SUN RAY AND • 
PLANE OF THE TEST FACET 

RECORD HIT 

NO 

A-14 

NO 

INHIT determines the hit 
point, If any, ona helio­
stat, and which facet was 
hit. It determines hit 
points by a basic hit test 
of an incoming ray with 
a mirror facet plane. 

• 

YES 
CONSTRUCT VECTOR 
FROM TOWER BASE 
TO FIRST HIT 
POINT 

RETURN 

Figure A-10. INHIT Program Flow 
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YES 

INITCOL 

INITIALIZE VARIABLES 

INITIALIZE RANDOM 
NUMBER GENERA TOR 

CONTINUE VARIABLE 
INITIALIZATION 

CALL VECTS 

NO 

CALLINTEN 

A-15 

RETURN 

COMPLETE OUTPUT 
OF OPTIONS 

CALL AIMPP 
(INITIALIZE) 

BEGIN OUTPUT 
OF OPTIONS 

CALL POLSP2 

INITIALIZE AIM 
POINT VARIABLES 

CALL MOON 
(INITIALIZE) 

INITIALIZE APERTURE 
CONFIGURATION 

Figure A-11. INITCOL Program Flow 

40703-II-2 

INITCOL performs the fol-
lowing functions: 
a. lnltlallzatlons of 

variables 
b. lnltlalizatlon of the 

random number 
generator 

c. Input of program 
options 

d, Output summary of 
program options 



INTEN 

CALCULATE DAY OF 
, YEAR BASED ON 
DATE INPUT 

CALCULATE DIRECT 
NORMAL INTENSITY 
FROM CLEAR MODEL 

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 Program Flow 
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C MIRRN ) 

.. ~ 
.... ,., .. 

CALL AIMPP 
.. 

., . 
CALCULATE VECTOR FROM 
HELIOSTAT CENTER TO 
THE AIM POINT 

.. 

, , 

CALCULATE A UNIT 
VECTOR IN THE SAME 
DIRECTION 

.. 

' , 
CALCULATE THE 
MIRROR NORMAL 
VECTOR 

, , 
"· -

CALCULATE A UNIT 
VECTOR IN THE SAME 
DIRECTION AS THE 
MIRROR NORMAL 
VECTOR 

\ 

, . 
(RETURN) 

A-18 

.. 

MIRRN Calculates. a mirror normal given 
the sun vector the hellostat location 
and an aim point • 

Figure A-14. MIRRN Program Flow 
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• 

NO 

YES 

MOON 

INITIALIZE CAVITY 
DIMENSIONS 

CALL CONE 

SET COUNTER 

RETURN 

CHECK TO SEE IF 
HIT POINT IS WITHIN 
APERTURE BOUNDS 

A-19 

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

YES 

YES 

YES 

YES 

SET 
COUNTER 

SET 
COUNTER 

SET 
COUNTER 

SET 
COUNTER 

M A 

RETURN 

RETURN 

RETURN 

RETURN 

Figure A-15. MOON Program Flow 

40703-11-2 

MOON checks for receiver 
hits for any ray which gets 
clearly away from the field, 
It checks for entry Into the 
aperture, support hits, 
diffuser hits, cyllnder hits, 
and whlstle throughs. It 
maps all flux which hits 
the cylinder wall or roof, 



IPASS = 2 

CALL PIPE 

SET THE HIT 
POINT 

SET WALL 
INDICES 

RETURN 

YES 

YES 

A-20 

IPASS = 1 CALL PIPE 

NO 

PRINT 
ERROR 
MESSAGE 

SET CEILING 
HIT POINTS 
AND INDICES 

RETURN 

Figure A-15. (Concluded) 
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RETURN 

YES 

SET THE 
DIFFUSER 
HIT POINTS 
AND INDICES 

RETURN 

• 



MONTE 

PRINT 
SUMMARY 
OF HELIOSTAT 
OPTICS 

INITIALIZATION 
CALLS FOR: 

HITFAC, 
TMAP, 
POL MAP, 
ROOF 

ZERO OUT COUNTERS, 
MAPPING ARRAYS 

CALL VECTS 

CALL INTEN 

CALCULATE 
CONVERSION 
FACTOR 

A-21 

SUM ANNUAL 
ENERGY POSSIBLE 

MONTED 

NO SET ~------t COUNTERS 

CALL VECTS 

CALCULATE DATE, TIME 

CALL RANDOM NUMBERS 
FOR TIME 

CALCULATE PERTURBATIONS 
FOR TRACKING ERRORS 

CALL RNORM 

BEGIN ITERATION 
LOOPS OVER NUMBER 
OF RUNS, RAYS 

~-------------tN MONTEB 

Figure A-16. MONTE Program Flow 

40703-II-2 

MONTE Is the monte carlo 
driver routine for a yearly, 
time ln\egr:ation run. 

Its major functions are: 
a, Initialization calls 

for mapping and 
counting routines 

b, Cal Is to the random 
number generator 

c, Calls to the mapping 
and counting routines 

d, Calls PTOWER, the 
controlling routine for 
the hit tests 

e. Prints ray trace 
summary 

f. Output c;ills 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 

MONTED 

YES 

NO 

Figure A-16. (Continued) 
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MONTEE 



• 

CALL PTOWER 

INCREMENT RAY 
HIT COUNTERS 

YES 

YES 

A-23 

INCREMENT 
ENERGY 
COUNTER 

CALL 
POLMAP 

INCREMENT 
ENERGY 
COUNTER 

YES PREPARE COUNTERS, 
_____ _.. FLUX SUMMARIES 

YES 

FOR OUTPUT 

D 

INCREMENT 
WALL FLUX 
COUNTER 

CALL ..._ _____ .. ROOF 

<SUMMA TIONl 

Figure A-16. (Continued) 
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MONTEc 

PRINT 
FLUX 
SUMMARIES 

PRINT 
HIT 
SUMMARIES 

PRINT 
MONTE 
CARLO 
AREAS 

PRINT 
HITS, 
ENERGY 
ON FRAME 

CALL HITFAC 
(PRINT) 

PRINT 
FLUX 
SUMMARY 
(CAVITY WALLS) 

CALL WALLMP 
CPR INT) 

CALL ROOT 
(PRINT> 

A-24 

RETURN 

CALL IMAP 
CPR INT) 

CALL POLMAP 
(PRINT) 

PRINT FLUX 
MAP OF 
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, 
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 PTOWER 
e. Prints ray trace sum­

mary 
f. Output calls for map­

ping and counting 
routines 

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

CALCULATE 
PERTURBATIONS 
FOR TRACKING ERRORS 

CALL RNORM 

Figure A-17. MONTE2 Program Flow 
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A-26 

MONTE2A 

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 

MONTE2D 

YES 

Figure A-17. (Continued) 
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MONTE2E 



MONTE2E 

CALL PTOWER 

INCREMENT PROPER 
MAY HIT COUNTERS 

INCREMENT 
RAY, FLUX 
COUNTERS 

YES 

A-27 

CALL 
POLMAP 

INCREMENT 
COUNTER 

CALL NO 
ROOF 1--___.c 

MONTE2c 

CALCULATE POWER 
ON HELIOSTAT FRAME 

CONVERT FROM 
INCIDENT PRINT 

OUTPUT 
CODE 

ENERGY TO POWER 

MONTE2O 

PREPARE COUNTERS, 
FLUX SUMMARIES 
FOR OUTPUT 

YES INCREMENT 
FLUX 
COUNTER 

Figure A-27. (Continued) 
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A-28 

MONTE2c) 

0 

PRINT FLUX SUMMARIES 

1 I 

PRINT HIT SUMMARIES 

~. 
PRINT MONTE CARLO 

AREAS 

' ' 
PRINT HITS, ENERGY 

ON FRAMES 

1 ' 

CALL HITEAC 

1 t 

PRINT FLUX SUMMARY 
(CAVITY WORKS) 

~ 
CALL WALLMP 

• 
CALL ROOF C RETURN ) 

j ~ 

1 ' 

·-PRINT FLUX MAP OF 
MIRROR FIELD 

. CALL POLMAP 

Figure A-17. (Concluded) 
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OFFBLOC 

CALL MIRRN 

CALCULATE OUTER AXIS 
VECTOR FOR TEST 
HELIOS 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 

NO 

RECORD BLOCK 

OFFBLOC checks to see 
if a r'iJ:j reflected by a 
given facet of a heliostat 
is blocked by another 
facet of a different 
(neighboring) hel iostat. 

I 

NO 

RETURN 

Figure A-18. OFFBLOC Program Flow 
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A-30 

ONBLOCK 
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 i.-------------­
FACETS 

CALCULATE VECTOR 
FROM HIT POINT TO 
CENTER OF TEST 
FACET 

FIND INTERSECTION 
OF REFLECTED RAY 
AND PLANE OF 
TEST FACET 

RECORD BLOCK 

RETURN 

YES 

NO 

YES 

RETURN 

Figure A-19. ONBLOCK Program Flow 
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NO 

PERT3 

CALCULATE VARIOUS 
FOCAL LENGTHS 

PERTURB HELIOSTAT 
BED & FACET VECTOR 
TRIADS FOR 
TRACKING ERRORS 

CHECK ORTHONORMALITY 
OF RESULTANT TRIADS 
CALL CHECKR 

CALL TOEIN 

CALCULATE NEW MIRROR 
NORMAL VECTORS 
AFTER FACET TOE~N 

CALL CHECKR 

CALL 
FDRIVE 

A-31 

FOCAL 
LENGTH 
= INFINITY 

RETURN 

PERTURB FACET VECTOR 
TRIAD FOR MIRROR 
SURFACE SLOPE ERRORS 

CALL CHECKR 

CALL CROSS 

CALCULATE NEW MIRROR 
NORMAL VECTOR TRIADS 
AT THE RAY HIT POINT 

PERT3 c,1lc11lates the 
rotated vector lri ads 011 

the helioslal hil facet 
to account for tracki11q 
errors, loc11si1111, toe-in 
setli1111 a11cl slope errors. 

CALCULATE FOCAL 
LENGTH FOR THIS 
MIRROR 

CALCULATE FOCAL 
LENGTH IN THIS 
ZONE 

YES 

Figure A-20. PERT3 Program Flow 

40703-II-2 



PIPE 

SET UP QUADRATIC 
EQUATION 
COMPONENTS 

SOLVE FOR 
REAL ROOTS 

CALCULATE LENGTH 
OF HIT VECTORS 
AND THE HIT 
ANGLES 

RETURN 

A-32 

Pl PE tests a reflected ray 
vector to determine Its points 
of interaction Chit points) 
with a right circular cylinder 
{the receiver walls). Hits 
points are found by solving a 
quadratic. Imaginary roots 
indicate that the ray missed 
the cylinder. 

RETURN 

Figure A-21. PIPE Program Flow 
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POLMAP8 

POLMAP 

LOCATE THE POINT IN A 
ZONE AS DETERMINED 
BY RINDY 

A-33 

YES SET ALL SUMMATION 

YES 

NO 

NO 

YES 

ARRAYS TO ZERO 

RETURN 

SUM HITS 
AND ENERGY 

SUM ENERGY LOSS 

SUM ENERGY LOSS 

SUM ENERGY LOSS 

Figure A-22. POLMAP 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 • refl eeted energy -
rays that hit cavity 
wal Is or roof 

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

to hel iostat shading 
f. corbel hits 
g. whistle throughs 
h. number of misses 

across the front 
i. number of misses high 
j. number of misses low 

The routine can be called 
in one of three ways: 

a. initialization 
b. summation 
c. output 



POLMAPA 

DEPENDING ON THE 
Fl NAL HIT POI NT 
OF THE RAY, 
INCREMENT A 
COUNTER FOR: 

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

POLMAPB 

YES 

PRINT: 

A. HITS 
B. POWER 
C. SHADOW 

LOSSES 
D. BLOCKAGE 

LOSSES 

A-34 

RETURN 

RETURN 

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

Figure A-22. (Concluded) 
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POLSP2 0 

POLSP2c 

POLSP2 

ZERO OUT RADIAL 
ZONE COUNTER 

INITIALIZE HELIOSTAT 
SIZE PARAMETERS 

COMPUTE AZIMUTH 
ZONE BOUNDARIES 

SEGIN ITERATION LOOP 
OVER NUMBER OF 
:iROUND COVER ZONES 

INCREMENT RADIAL 
ZONE INDEX 

COMPUTE GROUND 
COVER SLOPE 
FACTORS 

A-35 

DECREASE COLLECTOR 
COUNT IN THIS ZONE 

CALCULATE COLLECTOR 
SPACING 

COMPUTE NUMBER OF 
COLLECTORS IN THIS ZONE 

SET NEXT GROUND 
COVER NEXT RADIAL 
ZONE BOUNDARY 

POL3P2B 

SET GROUND COVER, 
._.;.;..;;...- LAST RADIAL 

ZONE BOUND 

Figure A-23. POLSP2 Program Flow 
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POLSP2 sets up the field 
for a non·· uniform polar 
arrangement of tile helio­
stitts, 

It calculates the rc1diill 
spacing of every row and 
the 11umher of heliost.its 
i11 each zone. 



POLSP2B 

POLSP2A 

CALCULATE HELIOSTAT CENTERS 
WITHIN THE ZONE 

POLSP2C 

INCREMENT 
POLAR RADIAL 
ZONE COUNTER 

C RETUR~ 

PRINT 
GROUND 
COVER BY 
POLAR ZONE 

PRINT 
COLLECTOR 
COUNT BY 
AZIMUTH 

NO 

POLSP2c 

PRINT 
POLAR 
RADII BY 
AZIMUTH 

A-36 

COMPUTE ADJUSTED 
GROUND CAVER 

YES 

SET FINAL COLLECTOR 
COUNTS, ZONE 
COUNTS 

Figure A-23. (Concluded) 
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PRINT 
WARNING 
MESSAGE 

SET RADIAL 
SPACING TO 
MINIMUM 
ALLOWED 

POLSP2D 



PTOWER 

CALL FIND IT 

CALCULATE 
PERTURBED 
SUN VECTOR 

CALL TRIADS 

CALL PERT 3 

CALL MIRROR 

CALCULATE 
REFLECTED RAY 
VECTOR 

CALL ONBLOCK 

RETURN 

CALL HITFAC 

CALL FINDIT 

CALCULATE 
REF~ECTED 
RAYS 
DIRECTION 

A-37 

RETURN 

CALL HITFAC 

CALL FRAME 

CALCULATE 
FRAME VECTORS 

RETURN 

CALL HITFAC 

SET 
COUNTERS 

SET 
COUNTERS 

RETURN 

Figure A-24. PTOWER Program Flow 
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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 (as determined 
in one of the MONTE rou­
tine) are major Inputs. 



RINDX 

CALCULATE CARTESIAN 
ZONE NUMBERS OF THE 
TEST POINT ON THE 
FIELD 

CONVERT TEST POINT 
ON THE FIELD FROM 
CARTESIAN TO 
POLAR COORDINATES 

CALCULATE POLAR 
HELIOSTAT ZONE 
NUMBERS OF THE 
TEST POINT 

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

CO-ORDINATES 
2. POLAR 

CO-ORDINATES 

A-38 

RINDX finds the closest 
heliostat to a given point 
on the test plane 

RESET HELIOSTAT 
CENTER 

NO 

YES 
RETURN 

Figure A-25. RINDX Program Flow 

40703-II-2 



RNORM 

CALL FOR RAN DOM 
NUMBERS 

GENERATE A PAIR 
OF NORMAL 

RANDOM DEVIATES 

RETURN 

A-39 

RNORM generates pairs of independent 
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 

• 



ROOF 

NO 

INCREMENT ENERGY 
.suM IN PROPER 

ZONE (AS 
DETERMINED 
BY MOON 

RETURN 

CONVERT ENERGY 
TO POWER 

PRINT ZONE 
BOUNDARIES 

YES 

YES 

A-40 

COMPUTE AZIMUTH 
BOUNDARIES 

CALCULATE RADIAL 
BOUNDS,SUCH 
THAT EACH 
SEGMENT HAS 
EQUAL AREA 

ZERO OUT 
SUMMATION ARRAY 

PRINT FLUX 
IN ZONES 

RETURN 

RETURN 

Figure A-27. ROOF Program Flow 

40703-II-2 

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



TMAP 

DETERMINE AZIMUTH 
OF HIT POINT 

SUM HITS, ENERGY 
ACCORDING TO BOTH 
QUADRANT METHODS 

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

SUM ENERGY IN: 
NE+NW, SE+ SW, 
E + W QUADRANTS 

NO 

A-41 

ZERO OUT 
SUMMATION ARRAYS 

RETURN 

PRINT FIELD HIT 
SUMMARY, ENERGY 
SUMMARY 

RETURN 

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, FEB, 

NOV, DEC 

Figure A-28. TMAP Program Flow 

40703-II-2 

TMAP detalls 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 sum­
maries. 

TMAP can be called In 
one of three modes: 

a. lnltlallzations 
b. Summations 
c. Outputs 



TOEIN 

CAL CU LATE TOE IN 
VECTORS, NEW MIRROR 
NORMAL, OUTER AXIS 
VECTORS, AND TOE-IN 
SUM VECTOR 

FIND TOED-IN MIRROR 
FACET NORMAL 
VECTORS 

CALCULATE THE SIZE 
AND COSINE OF THE 
TOE-IN ANGLES 

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 plane to focus at one 
point for a specified sum 
position. The sum 
position for the toe-in 
is a required input. 

Figure A-29. TOEIN Program 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 

NO 

RETURN 

A-43 

YES 

RETURN 

SET 
FLAG 

---------

TSHAD determines If 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 

RETURN 

A-44 

VECTS calculates the base orthonormal ...lo._..., __a,, 

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

tower center. The S!Jm vector ( U R ) 

is also calculated for the desired month, 

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 

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 OC' azi­
muth Is North and 90' Is 
east etc.) 

Figure A-32. WALLMP Program Flow 

40703-11-2 
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PROGRAM HELIAKI 74174 OPT=l FTN 4.5•410A 

PROGRAM ~ELIAKJIINPUT,OUTPUT,TAPE5=I~PUT,TAPE6=0UTPUTI 
DIMENSJOIIJ XM(91 
COMMON/RAN~OM/NRUN,IRANC,IJ~MP,MODE,JSRAN,IRAYS 

l tJT},UDNl,LIMC,DINTV,YFRAC 
C•• THIS IS THE CONTROLLING PROGRAM. FROM IT INJTCOL IS CALLEO. T~E~I 

CONE OF THE MONTE DRIVE~ ROUTINES, DEPENDING ON THE ~ESULTS DESIRfD. 

1 
C 

MODE=l 
IRANC=o 
CALL INITCOL 

C IJUMP CONTROLS THE MONTE CARLO SIMULATION 
C IJUMP=O TIME POINT ONLY 
C JJUMP=l TIME I~TEGRATION O~LY 
C IJUMP=2 TIME POINT PLUS TIME INTEGRATION 

IF1IJUMP 0 EG.ll GO TO~ 

5 
10 

CALL MONTE21XMI 
IFIIJUMP.EQ.Ol GO TO 10 
CALL MONTEIXM,HOURS) 
IF<IT1.LT • 3l GO TO 1 
STOP 
ENO 

03/?l/77 ?l.51.16 

Hl"'LI Al( I 
HFLIAK:T 
HFLIAK I 
HFLIAKI 
HFLIAKT 
H!:LI AK T 
HFLIAl(J 
HELIAKt 
Hl"'L I AK I 
Hfl IAK T 
HF:L IAK: t 
Hl"'L I Ar< I 
HFL IAK I 
l-ll"'LI Ar< I 
Hl"'LIAKI 
Hl"'LI AK I 
Hl"'LIAK:J 
HFLI AK I 
Hl"'LI AK I 
Hl:LIAKJ 
HFLIAK t 

2 
3 
4 
5 
6 
7 
8 
g 

10 
11 
12 
13 
14 
15 
H, 
17 
l ij 
19 
20 
21 
22 

l'A5E 

b::f 
I 

N 
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SUBROUTINE INlTCOL 74174 OPT•l 

SU~ROUTil'IE INITCOL 
REIil N 
DIMENSION AIMP(JI 
INTEGER cit.AT 

f"TN l..;;5•itlOM 

COMHON/DARKLEIDDTOP•OOBASE 
COMMON/CAVITY/SEP•DD1•002•ROIF•HDIF•HCAV•HSWTCl21•RSWTC(2)• 

l CILATIZ)•CAVLATl2•2ll•AIMHGT . 
COMMON /JEff/ UMNSC31•RRSC3J.NSTOPS.A,B•C,SMAX,Rf1ELO,TH,ICMH, 

1 tCSH,IF"C,JrtlT,ICSH2,NCOL,IHOUR,HIN,ELZ,T,TDISX,TDISY, 
2 OVMA,DUMB,DUMC,UMNN1(3),UMNN2131•UMNC3l•IOHIT•NLAT, 
3 NLONG•ILONG,NLATC,RCO,NPACK,ENHM 

COMMON/TABLE/UHVC3),UAXVCJl,UXV213J,RSTC3l,WF"V,NHF,XDf,WD2,~FV2• 
l RH5CJl,DELX,DELY,WD,IFV,RRBC31,UAXVPC31,UXV2PP(ll, 
2 UTTCJl,UNN?(JJ,UXV2P1Jl 
3 tUMNP(3JoUMNPP13lof,ALEN•U8EDNC31•IfOC,IDRIVE 
C0MM0N/BABA/STH,CT~,SEQ,OME•OMS,Nl3l•UEC3l• 

l UN1J,.us1J1.UAl3),UR(31,THETA,MON,IDAY,SMALR,CAPR•CEQ COMMON/JJkER/URPl3l,USlCJl,THSL,PH,THSR,THSU,COUNT,WAVLl201•DRAO 
COMMON /STATS/TP8,TSS,PHB•TPV•PHV,AVE,TSV•PAX1V,PAX1B,PAX2V•PAX28 

COMMON /RALL/ OCOL,SCDELTl3J,XP•YP,PAX1,PAX2,0t31 
COMMON/RANr10M/NRUN, I RANC, IJUMP,MODE• ISRAN• IRAYS 

I tlTltUONl,LlMC,DINTV,YfRAC 
C014MON IC I •IOEX/ XPCOL • YPCOL, COSA • COSB, SL OUM, WC ELL, I CELL, JCELL, 

l xCSAV,YCSAV,XCM,YCM,JCELM,JCELM 
COMMON/SUPPT/DELTM,THtS,KSEG,APH,SW,NSUP,RCONE,THECON•HTOT 
COMMON/CEILING/NAZZ,NRZ,DTAZli!ll,ORZIIOJ,D03,IZR,IZAZ 
CO!'IMON/HAPS/NRZf,NAZZf,NCl2S0,81,SRADl250 • 81,NPRAOC81,0EG 
CCMMON/TJLTEO/TTILT,UVTIJl•UllJl,U2131,WAPMAX,WAPMIN,OffSET 
COMMON/STRUCT/GAP,wLONG,WSIOE,WTRl,XLTRl,Bl,82,WCROSS,WOUM,IFRAM 

•,HTMIR,HTCROS,WJCROS 
C0MMON/TOE/CTAZT,STAZT,CTELT,IfOCUS,STELT,UTARG(3),0TARGl31 

C 
C ••••••••NAMELIST DICTIONARY 

N.AMELI ST /CHANGE/ Rf"IELO, TH, NS TOPS, TOI SX, TOI SY, I RAYS, TPB, TSB,PHB• 
l TPV,TSV,?HVoTHETA,MON,IOAY,T • lJUMP,ITl,NRVN•ISRAN, 
2 PAXlV,PAX2V,SCDELT,NLONG,NLATC,GCOVER,RCO,RCONE,HCAV, 3 SW,NSUP,003,NRZ,NRZf,NAZZf,WO,WfV,XOf,NPACK•SPACEf, 
4 IDRivE,N~u,wAPMAX,WAPMIN,OffSET,wLONG,WCROSS,wTRl,GAP, 
5 XLTRl,rtT~IR,HTCROSS,WJCROS,ITOE,JfOCUS,TAZT,TELT, 

03,21177 21;51;1b 

23 
2 
J 
4 
s 
6 
7 
8 
9 

6 MONT,iOAYT,TJMET 
DATA WAVL/.39,.44,.49,.S},,54,.57,.60,.63,.66,,70,.74,,78,.82,.87, 

HELIAKI 
II\IITCOL 
INITCOL 
HIITCOL 
I NIT COL 
II\IITCOL 
JNITCOL 
HIITCOL 
ItHTCOL 
JNITCOL 
INITCOL 
INITCOL 
INITCOL 
Hll TCOL 
I~IITCOL 
HJITCOL 
INITCOL 
INITCOL 
HIITCOL 
INITCOL 
It1ITCOL 
II\IITCOL 
IM IT COL 
I111ITCOL 
INITCOL 
INITCOL 
11\11 TCOL 
I•1ITCOL 
INITCOL 
HlITCOL 
INITCOL 
I~llTCOL 
HIITCOL 
HJITCOL 
ltllTCOL 
INITCOL 
INITCOL 
l~ll TCOL 
II\IITCOL 
lNITCOL 
HIITCOL 
INITCOL 
h1lTCOL 
INITCOL 
ltllTCOL 
1t11TCOL 
INITCOL 
HJITCOL 
l~JITCOL 
I•JITCOL 
II\IITCOL 
HlI TCOL 
ltl!ITCOL 
H11TCOL 
I~!ITCOL 
INITCOL 
ltll TCOL 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
.21 
22 
23 
24 
25 
26 
27 
28 
29 
JO 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
SJ 
54 
55 
56 
57 

1.9&,1.-02.1.oa,1.22,1.48,1,68/ 
C ITl=3 ENO Of RUN 
C MOOE=l AT fJRST ROUNO 
C M00E=2 AfTER THAT C•• THIS IS TH~ INITIALIZII\IG ROUTINE, IT INITIALIZES ALL Of THE 
C VALUES IN THE ENTIRE P~OGWAM. 
C VARIABLE LIST IN INITCOL. 
C SfP=OISTANCF. BETWEEN LOWER AND UPPER DISK 
C swsSuPPORT WIDTH 
C NSUP=NUMBFR Of SUPPORTS 
C DD3=INN£R CAVITY DIAMETER 
C wo=fACET LENGTH 
C WfV=fACfT WIDTH 
C XOF=DISTA~CE BETWEEN fACET AXES 
C AIMHGT=AJM CIRCLE ~EIGHT UP CO~E AXIS 

P4Gt I 

tJ:I 
I 

c,., 
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60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

C WAPMAX=MAXIMUM APERTURE WIDTH 
C WAPMIN=MINIMU~ APEQTURE WIDTH 
C IFOCUS=~JQROR FOCUSSING OPTION 
C O MEANS·J~OIVIOUAL FOCUSSING 
C· 1-10 AQE NUMBER OF FOCUSSING ZONES FOR. CONSTANT FOCUSSING 
C 11 MEANS ~LAT MIRRORS 

C HTCROSS IS THE VERTICAL DIMENSION OF A CROSS PIECE ON THE FRAME 
C WJCROS IS THE WIDTH OF THE CENTER CROSS PIECE OF THE FRAME 
C MOI~ = MONTH 
C T=TIME OF OAY 
C IOAY=OAY OF THE MONTH 
C RFIELD=OUTER RADIUS OF THE FIELD IN FEET 
C TH=HEIGHT OF THE TOWER UP TO THE LOWER DISK 
C HCAV=CAVITY HEIGHT IN FEET 
C NLATC=NUM9ER Of HEIGHT ZONES ON THE CAVITY WALLS 
C NLONG=NUM9E~ OF AZIMUTH ZONES ON THE CAVITY WALL 
C NSTOPS IS NUMBER OF CHECK POINTS ALONG RAY PATH FROM TEST PLANE 
C TO GROUNO 

C NRZF=NU~BER OF RADIAL ZONES IN TH£ FIELD 
C NAZZF=NUM6ER OF AZZIMUTH ZONES IN THE FIELD 
C ISRAN=INITIAL RANDO~ SEED 
C TDISY=TOWER OFFSET FROM THE CENTER OF THE FIELD. IT MUST BE ZERO 
C FOR A DONUT FIELD, IN A NORTH-SOUTH DIRECTION 
C TDISX=TOWER OFFSET FROM THE CENTER OF THE FIELD. IT MUST BE ZERO 
C FOQ A DO~UT FIELD, IN A EAST-WEST DIRECTION 
C NRUN=NUMBER OF RUNS 110) 
C IRAYS=NUMBER OF RAYS IN l RUN 
C DINTV=INTERVAL OF HOURS THAT WE ARE INTIGRATING OVER FOR TH£ TIME 
C INTEGRATION 
C yFRAC=NUM9ER OF DAYS IN A YEAR 
C GCOVER=GROUNO COVER RATIO CAREA MIRRORS/GROUND AREAi 
C Ill-CONTROL VARIABLE. THE PROGRAM TERMINATES WHEN ITl IS GREATER 
C THAN OR EQUAL TO 3 . 
C DRAD =CONVERSION FACTOR FROM DEGREES TO RADIANS 
C THETA=LATITUDE ANGLE OF THE SITE TESTED 
C TP8,TS8,PH8,TPV,TSV,PHV,PAX1V,PAX2V = HELIOSTAT OPTICAL PROPERTIES 
C ANO TRACl<l'JG DRIVE PROPERTIES FOR A NORMAL DISTRIBUTION. 
C IB=MEAN.V:VARIANCEl 
C NPACK DEFINES FIELD PACKING GEOMETRY 
C 4 POLAR PAC1<ING 
C 5 POLAR NON-UNIFORM 
C IDRIVE CONTQOLS FACET DRIVES 
C 1 GANGE!). 
C 2 INDEPENUENT IN ONE AXIS. 
C•• NNU IS FOR NONUNIFOR~ POLAR PACKING OF 
C•• TILT-TILT ~ELIOSTATS. IT IS THE NUMBER OF NONUNIFORM 
c•• AZIMUTH ZONES. THIS CAN BE l OR 8. 
C•••WLONG IS THE WIDTH OF THE LONG PIECES ON THE FRAME 
C•••WCROSS IS THE WIDTH ·or THE CROSS PIECES ON THE FRAME 
Coo•GAP IS THE SPACE liETIIEEN THE LONG PIECES MINUS WO 
c•••WTRI IS TH~ wIOTH OF THE CROSS BRACES 
C•••XLTRI IS THE LONGER EDGE OF THE CROSS BRACES 
C •• TAZT=TOEI~ AZIMUTH ANGLE IRAOIANSl 
C •• TELT=TOEI~ FLEVATIO~ ANGLE (RADIANS) 
C •• TAZT ANO TELT DEFAULT TO 3/21 NOON AT 33 DEGREES LATITUDE 

INITCOL 
INITCOL 
INITCOL 
ltJITCOL 
ltJITCOL 
INITCOL 
I>JITCOL 
HJITCOL 
HJITCOL 
INITCOL 
INITCOL 
ltlITCOL 
1~11 TCOL 
HIITCOL 
INITCOL 
1..,ncoL 
INITCOL 
ltllTCOL 
INITC:OL 
IN IT COL 
l~IITCOL 
INITCOL 
INITCOL 
INITCOL 
INITCOL 
ltJITCOL 
IN IT COL 
INITCOL 
IN IT COL 
HJ IT COL 
ltllTCOL 
INITCOL 
ltJITCOL 
HIITCOL 
IN IT COL 
INITCOL 
INITCOL 
HIITCOL 
HJ IT COL 
l~IITCOL 
Hll TCOL 
INITCOL 
INITCOL 
INITCOL 
HIITCOL 
INITCOL 
lttlTCOL 
HIITCOL 
l~IITCOL 
I•1ITCOL 
INITCOL 
I•tITr.OL 
HIITCOL 
I•JITCOL 
HIITCOL 
ItlITCOL 
HIITCOL 

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 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
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104 
105 
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110 
111 
112 
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114 
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ll5 C HTMIR IS THE DISTANCE Of THE FACET AXIS ABOVE THE TOP FRAME PLANE INITCOL 115 
C HTCROSS IS THE VERTICAL DIMENSION OF A CROSS PIECE ON THE FRAME IN IT COL 116 
C ~JCROS IS T~E WIDTH Of THE CENTER CROSS PIECE OF THE F~AME INITCOL 117 

"10N=6 INITCOL 1113 
DO 1953 ID=l,3 HIITCOL 119 

120 1953 SCOELT<IDl=0.0 INITCOL 120 
T=}2. HJI TCOL 121 
IDAY=21 hJITCOL 122 
AMAX=l.3 I•IITCOL 123 
LIMC=3 IN IT COL 124 

125 ISPAN=2764l IN IT COL 125 
01NTV=l4. INITCOL 126 
YF"RAC=36So HJITCOL 127 
IT1=2 1'1ITCOL 128 
ORAD=.01745 INlTCOL 129 130 CAPR=l49 0 5olo.••6 INITCOL 130 
SMALR= 6357.0 IN IT COL 131 THETA=33. INITCOL 132 
NRuN=lO INITCOL 133 
JflIRANC.NE.Ol GO TO 1800 I•1ITCOL 134 

135 wRITEl6,70021 IMITCOL 135 
WRITElb•l8lll ISRAN,NRUN I•JITCOL 136 1811 FORMAT(5x,20HINITIAL RANDOM SEED=•ll0,3X,19HNUMBER OF RUNS PER t HJITCOL 137 

.i,.. 16HBATCH=, 15,/l hJITCOL 138 0 DJEF=fLOATIISRAN) lNITCOL 139 tJj -.J 
0 140 DJEf=RANF"IDJEfl INITCOL 140 I 
c.., IRANC=l IN IT COL 141 CTI 
I 1800 CONTINUE I•JITCOL 142 ..... ..... TPH=O. ll'llTCOL 143 I 

I'\:> TSR=O. HIITCOL 144 
145 PHH=O. IN IT COL 145 

TPV=.05 INITCOL 146 
TSv=.05 INlTCOL 147 
PHv=.05 HJITCOL 148 
NSTOPS=ll INITCOL 149 

150 DO 3460 I=l,3 IN IT COL 150 
3460 SCOELTIIl=O. HJITCOL 151 TDISX=O. H1ITCOL 152 

PAXlB=O. INITCOL 153 
PAX2B=O. INITCOL 154 

155 C SIDERIAL EARTH RATE INITCOL 155 
OME= 0.21",25159 INITCOL 156 
QMS=360.ll365.25•S7.3) IMI TCOL 157 
XTH=THETA 0 0RA0 INITCOL 158 
STH=Sll'llXTHl INITCOL 159 

160 CTH=COSIXT'il INITCOL 160 
XSEQ=23.5°DRAD HJITCOL 161 
SEO=SIMIXSfQl INITCOL 162 
CEO=COSIXSEO) INITCOL 163 
UA I 11 =SEil HJ IT COL 164 

165 UA12l=O. INITCOL 165 
UA(Jl=CE'l IMITCOL 166 
lf(MOOE.GT.11 GO TO 4000 IM IT COL 167 
IORIVE=l HIITCOL 16B 
PAXlV=.05 I•JITCOL 169 

170 PAX2V=.05 HIITCOL 170 
WAPMAX::24. IMITCOL 171 
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WAPM:lll=ll\. IN IT COL 172 
AIMHGT=SEP/2.0 HJ IT COL 173 

GCOVER=.J INITCOL 174 

175 RfIEL0=8;>6. I•1ITCOL 175 

TH=392. IN IT COL 176 

RCO=l20. IN IT COL 177 

HCAV=46.l HJITCOL 178 

XOF=l6. H1JTCOL 179 

180 NHF=4 INlTCOL 180 

IRAYS=2 HJITCOL 181 

RCONE=20.0 [NIT COL 182 

NCONHT=6 HllTCOL 183 

NCONAZ=8 HJITCOL 184 

185 TDtSY=O.O IN IT COL 185 

NLATC=5 IMITCOL 186 

F=l050. IN IT COL 187 

NLONG=8 HJITCOL 188 

IIIFv=lO. IN IT COL 189 

190 WO=lO. IN IT COL 190 

IJUMP=l IN IT COL 191 

00)=42. IN IT COL 192 

NSuP=3 IN IT COL 1n 
SPACEF=l.l I~JITCOL 194 

195 NRZ=5 IN IT COL 195 

NRZF = 7 HJHCOL 196 td 

""' NPACK=5 tt,,1ITCOL 197 
I 

O'l 

0 NNU=8 HI IT COL 198 
...J 
0 NAZZF = 8 I•JITCOL 199 
c.., 200 s~ = 2. IN IT COL 200 
I GAP=0.25 IM IT COL 201 

...... ...... XLTRI=4.68l IM IT COL 202 
I 
r..:, WLONG=0.48 IMITCOL 203 

WCROSS=0.395 HIITCOL 204 

2.05 WTRI=0.177 IN IT COL 205 

WSIDE=0.!14 INITCOL 206 

HTMIR=0.833 INITCOL 207 

HTCROS=0.833 INITCOL 208 

WJCROS=0.224 HJITCOL 209 

210 TAZT=J.14159 HJITCOL 210-

TELT=0.9948 HJITCOL 211 

MONT=J HlITCOL 212 

IOAYT=21 IP>.!ITCOL 213 

TIMET=l2. HJITCOL 214 

215 JFOCUS=O I~JITCOL 215 

4000 REA015,C~ANGEI IN IT COL 216 

IFtMODE.LT.21 MODE=2 HJ IT COL 217 

WRITE16,70021 1~11TCOL 218 

7002 FORMAT(lHll INITCOL 219 

220 CALL VECTS I•!ITCOL 220 

IF(C.GT.0.0005) GO TO 6 I•1ITC:Ol. 221 

111RtTElf,.7l INITCOL 222 

1 FORMAT(///,lOX,50HOAWN IS YET TO COME•NO TIME POINT CAN 8E PERFORM I•JITCOL 223 

lEOl HI IT COL 224 

225 IF I IJUMP 0 Ea.21 IJU'1P=l I111ITCOL 225 

GO TO 16 INITCOL 226 

6 OENOM=SORTIA*A•B 9 Bl I•1ITCOL 227 

ELZ=ATAN?(C,DEIIIOMI HJI TCOL 228 
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SUBROUTlNE tNltcoL 74/74 OPt=i F'TN 4;5~410A ~3i2titt 21;st;16 

CALL INTEN(MON,IOAY,ELZ,UDNII 
UDNI=.oo,15•uDNI•C 

C INITIALI7.E CONE AND TILT ANGLES F'OR F'IELD GEOMETRY INPUT 
16 RN=RF'JELl)-TOJSY 

RS=RFIELO•TDISY 
XN=SQRTIRNoRN•0.5•RCO•RC0•0.51 
XS=SORT(QSORs•o.S•QCO*RC0•0.51 
TAPEl=ATAN(TH/XNI 
TAPE2=ATANITH/XSI 
THECON=ITAPEl•TA~E2>•0.5 
TTILT=TA0E2-THECON 

C To UNTILT APERTURE SIMPLY SETL WHAT IS BEST THETA CONE 
TTILT=o.o 
THECON=27.0l57.3 
HToT=IWAPMAX•wAPMIN)•0.5•COS(THECON) 
SEP=HTOT 
AIHHGT=S,P•0.5 
OELRC=(HTOT 0 0.5)•TAN(THECONI 
DDl=IRCO~E-OELRCl•2. -
DD?=IRCD'IJE+OELRCl•2. 
NAZZ = NLONG 
CALL HOO'IJI0,91 

C INITIALIZATION OF AIM POINT SUBROUTINE 
HSWTClll=HDJF' -
HSwTCl21=HCAV 
RSwTClll=ROIF 
RSWTCl21=•S•OD3 
XOUM=IWD+GAP-WCROSS)•0.5 
WOUM=IWD+GAP+WLONGl•0.5 
Bl=XDUH-XLTRI•0.70711 
B2=XDUM-XLTRI•0.707ll•WTRI/0.70711 
CTAZT=CO~ITAZTI -
STAZT=SI•!ITAZTI 
CTELT=COSITELT) 
STEL T=S I •I ITEL TI 
DDTOP=ODl 
ODBASE=Dl)l+20.0 
WD2=WDt2. 
wFv2=WFVt2. 
ALEN=INt-lF'-ll•XOF' 
OCOL=WFV 
CXLAT=HCAV/F'LOATINLATC) 
DO 9622 I=l,NLATC 

9622 CAVLAT12,ll=HCAV-CXLAT•F'LOATIII 
-WCELL=.20RFIELD 

AFJ~LD=3.l4159•CRF'IELD•RF'IELD-RCO•RCOI 
ACOL=INHF*WO•WFVI 
GCMIR=ACOL/IWD•CALEN+WF'VII 
IF'IGCDVER.r,T 0 GCMIRI WHITEl6,l9011 

1901 FORHAT(//lOX,48H••••• GROUND COVER FACTOR,GCOVER,TOO LARGf •••••> 
CALL POLSP21ACOL,NNU,SPACEF,NTOTAL,GCOVERI 
AFIELD=3.l4159~(RFIELD 0 RFIELD-RC0°RCOI 
NCOL=NTOTAL . 
WRITE16,70021 
WRJTE16,!945l NSTOPS,NCOL,RFIELD,TH,GCOVER 

1945 FORMATl/?OX,51HHELIAKI VERSION 13• TIME POINT ANO/OR ANNUAL ENERGY 
1/20X,39HROIIND FIELD WITH LOW PROFILE HELIOSTATS//16X, 

I111ITCOL 
INITCOl. 
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INITCOL 
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SUBROUTINE INITCOL 74/74 OPT=l 

26HNSTOPS,6X,4HNCOL,9X,6HRFIEL0,8X,7HTOWER Ht 
3 9X,6HGCnVER,/,10X,2ll0,4Fl5.3,/) 

WRITE16,1946l NHF,WFV,WD,XDF,ALEN,SPACEF 

FTN 4.5•410A 

1946 FORMAT(/,16X,3HNHF,12X,3HWFV,13X,2HW0,12X,3HXOF,llX,4HALEN, 
1 lOX,6HS?ACEf,/,9X,Il0,SISX,Fl0.2l,/) 

WRITE 16,1949) GAP,WLONG,WCROSS,WTRI,XLTRI,WSIDE,WJCROS,HTMIRt 
• HTCROS 

1949 FOR~AT (/tllXt3HGA 0 ,9X,5HWLONG,8X,6HWCROSS,lOX,4HWTRI•9X, 
~ 5HXLTRI,9X,SHWSIOE,BX,6HWJCROS,9X,5HHTMIR,8X,6HHTCROS, 
• /,9(4X,Fl0.3l,/l 

WRITEC6,lllll (WAVLCILOP>,ILOP=l,201 
1111 FORMATl///,32X,43HTHE CENTER WAVELENGTHS Of THE TWENTY EQUAL• 

112HENERGY ~ANDS,/,2(20X,10fl0•5•/l,/1 
WRITEC6,1948l TOISX,TDISY,AFIELO,RCO 

1948 F0RMAT(/,20X,5HTDISX,lOX,5HTDISY,9X,6HAFIELD,12X,3HRCO,/,lOX, 
14Fl~.3,/) 

IHOUR=INT(Tl 
AMIN=60.•<T-FLOAT<IHOURll 
MIN=INT(AMINl 
WRITE<6,Sl MON,IJAY,THETA,IHOUR,MIN 

5 FORMAT( ///,SOX,I2•1Hl,I2,3H/80,/,lOX,9HLATITUOE=,f7.2, 
l lOX,4H~OuR,IS,5Xt3HMIN,I5,/l -

CALL AIMPPCXC,YC,l,AIMPl 
WRITElb,879) RCONE,THECON,HTOT,TTILT 

879\ FORMAT (//,22X,SHRCONE,l4X,6HTHECON,l4X,4HHTOT,15X,5HTTILT,/, 
2 1sx,F10.2,1ox,F10.2,9x,F10.2,12x,r10.21 -

WRITE<6,1515l WAPMAX,WAPMIN,OFFSET 
1515 f0RMATC/,l9X,6HWAP~AX,14X,6HWAPMIN,l4X,6HOFFSET,/,l5Xt 

2 3CflO.l.lOXll 
WRITE<6,2ll 

21 FORMAT (/,5X,20HPROGRAM OPTIONS USED> 
If <lfOCUS.EQ • Ol WRITE· (6,410) 
If IIfOCUS.GT.O.AND.IfOCUS~LE • lOI WRITE (6,420) IFOCUS 
If (IfOCuS.GT.101 WRITE 16,430) 
WRITE (b.4401 
WRITE <6,4S01 MONT,IOAYT,TIMET 

450 FORMAT (10X,19HTOEIN STRATEGY FOR ,I2,1Hl,I2,4H AT ,f4ell 
410 FORMAT <1ox,19HI~DIVIDUAL FOCUSING) 
420 FORMAT (10X,I2,15H FOCUSING ZONES) 
430 FORMAT <lOX,12HFLAT ~IRRORS> 
440 FORMAT (}OX,17HINOIVI0UAL TOE-IN) 

If <IDRIVE .EC. l> WRITE <&,5181 
If <IDRivE .EC. 21 WRITE C&,519) 

518 FORMATCloX,13HFACETS GANGED> 
519 FORMAT(lOX,23HINOEPENOENT FACET DRIVEi 

RETURN 
END 

031z1111 z1.s1.t6 
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SUBROUTINE AIMPP .. 74/74 OPT=l f'JN 4.5•4lOA 

SUBROUTINE AIMPPIXC,YC,INIT,AIMP> 
CH THIS ROUTI•JE DRAWS A VECTOR FROM THE CENTER OF THE ANNULUS 
C OUT TO THE AIM POINT. 

INTEGER CILAT 
REAL N 
COMHON/BABA/STH,CTH,SE0,0ME,OMS,Nl3>,UE<J>, 

l UN<J1,US<J),UA<Jl,UR<Jl,THETA,MON,IDAY,SMALR,CAPR•CEQ 
COMM0N/CAVITY/SEP,DD1,DD2,RDIF,HDIF,HCAV,HSWTC(2>,RSWTC(2), 

l CJLAT(2),CAVLAT<2,2l>,AIMHGT -
COMMON/SUPPT/DELTMtT~ES,KSEG,APH,SW,NSUPtRCONE,THECONtHTOT 
C0MMON/TTLTED/TTILT,UVT(3ltUl(J)~U2(3)tWAPMAX,WAPMIN,OFFSET 
DIMENSION UPLAN(J),AIMP(3l,UCON(3) 

C THIS FUNCTION HETURNS THE ITH COMPONENT OF THE AIM POINT ASSOCIATED 
C WITH HELIOSTATS LOCATED AT (XC,YC) RELATIVE TO THE RECEIVER CENTER 

IF!INIT.GT.l) GO TO 100 
SEP2=A HhiGT 
RDC=DD112.0•AIMHGT*IDD2-DDll/12.0•SEP) 
THES=2.•Jol4159/NSUP 
XDUM=IDD2-D0l)/2o 
APH=SQRT(SfP**2•XDUM 0 •2> 
AMo=SW/2.•APH/2. 
THEMIS5=ATANIAMD/RDC) 
FRACTN=ITHES-2.•THEMISS)/THES 
DD3=RSWTCl21•2. 
WRITE 16,201 SEP,DD1,DD2,RDIF,HCAV,DD3,AIHHGT 

20 FORMAT l///•30X,21HCAVITY RECEIVER SPECS,//tl7X,3HSEP•7X,3HDD1• 
l 7X,3HDO?t6X,4HROIF,6X,4HHCAV,6Xt4H DD3,5X,6HAIHHGTt/tlOXt 
o 7Fl O. l, 1 I 

CTCON=COSITHECON) 
STCON=SIN(THECON) 
CTL=COS I TT IL Tl 
STL=SIN<TTILT> 
DO 25 I=t,3 
UVT(ll=CTL•N<l>-STL•UN(Il 
Ul!Il=CTL*:JN~I>•STL•N<I> 

25 U2 I I l =UE I I l 
RETURN 

100 YCp=YC°CTL 
THEAZ=ATAN2(XC,YCP)+3,14159/3o0 
IFITHEAZ 0 LT,O,Ol THEAZ=THEAZ•2.•3.14159 
IF!THEAZ.GT,6,283195) THEAZ=THEAZ-6.283185 
KSEG=lNT!THEAZ/THES>•l 
THEMID=THES 0 (KSEG-l)•THES/2 
DELTM=THfAZ-THEMID

0 

THEAIM=T~E~ID•DELT~•FRACTN-3,14159/3.0 
IF(THEAI~-LT.o.o, 1HEAIM=THEAIM•6.2i3195 
CA I M=Cos ( T<iEA hll 
SA P1=S IN I THEA I Ml 
IF !THU I,,• r, T. 3.141591 THEAHl=2•3• 14159-THEAIH 
WAP=WAPI-IJN 
IF (THfAyM.LT,?.09441 WAP=WAP•(WAP~A~-WAPMJN)*ll.O-THEAIH*0,4775) 
WDWN=SEP?/CTCON-WA~•o.s 
[F ITHEAIM.LT.2,0944) WDWN=SE~2/CTCON-WAP*0,53 
DO 45 1=1•3 
UPLANl[):CAIM*Ul!Il•SAJM•U2(Il 
VCONIIl=-CTCON°UVT(J)-STCON•UPLAN(J) 

45 AIMP I I I =5EP2°UVT (I I +RDC 0 i.JPLAN ( I) •WOWN°UCON ( I> 

Gl/21/77 21.51.16 
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SUSROUTINE MONTf.2 74/74 OPT=l FTN 4~5•410A 

SU~ROUTI~E MONTE21XM) 
C•• THIS IS THE MONTE CA~LO DRIVER ROUTINE FOR A FIXED TIME ANO DAY 
C OF THE YEAR. FROM IT lNTEN, RNORM, LIMOR• ANO PTOWER ARE CALLED. 

REAL N 
DIMENSION TOP(15> 
INTEGER CILAT 
COMMON/CAVJTYISEP,D0l•DD2•ROIF,HDIF,HCAV,HSWTCl2l,RSWTCl21, 

l CILATIZ>•CAVLATl2•2ll,AIMHGT -
COMMON/TABLE/UHVC31,UAXV(Jl•UXV2131,RSTIJl,WFV,NHF,XDF,WD2,WFY2, 

l RHSl31,DELX,DELY,WO,IFV,RRBIJl,UAXVP(31,UXV2PP(31, 
2 UTTIJl,UNNP(J),UXV2Pl3) 
J ,UMNPtJ>,UMNPP(Jl,F,ALEN,UBEDNIJl,IFOC,IORIVE 

C0MMON/JOKER/URPIJl,US113),THSL•PH,THSR,THSU,COUNT,WAYLl20),0RAO 
COMMON /STATS/TPd,TSB•PH3tTPV,PHV•AVE•TSV,PAX1V,PAX1B•PAX2V,PAX2B 

COMMON /9ALL/ OC0L,SCDELTIJ>,XP,YP,PAXl,PAX2,DIJl 
COMMON/RABA/STH,CTrl,SEQ,OME,OMS,NIJ>,UEIJI, 

l UNl)ltl!SIJl,UAIJl,URIJl,THETA,~ON,IDAY,SMALR,CAPR,CEQ 
COMMON/RANOOM/NAUN,IRANC,IJUMP,MODE,ISRAN,IRAYS 

1 , ITl,UONT,LIMC,DINTV,YFRAC 
COMMON/SUPPT/DELTM,THES,KSEG,APH,SA,NSUP,RCONE,THECON,HTOT 
COMMON /JEFF/ UMNSIJ),RRSIJ),NSTOPS,A,B,C,SMAX,RFIELD•TH,ICMHt 

1 JCSH,IFC•l~IT,ICSH2,NCOLtlHOUR,MIN,ELZ,T,TDISX,TDISY, 
2 ou~A,0UMd,DUMC,UMNNl(J),UMNN2(3),UMNIJl,IOHIT•NLAT, 
J NLONG•ILONG,NLATC,RCO,NPACK,ENHM 

COMMON /CINDEX/ XPCOL,YPCOL,COSA,COSB,SLDUMtWCELL,ICELL,JCELL, 
1 xCSAV,YCSAV,xCM,YCM,ICELM,JCELM 
COMMON/STRUCT/GAP,wLONG,WSIDE,WTRl,XLTRl,Bl•BZ,~CROSS•WOUM,IFRAM 

••~TMIR,HTCROS,WJCRJS 
COMMON/PLANE/IPLANl7l 
COMMON/TOE/CTAZT,STAZT,CTELT,IFOCUS,STELT,UTARGIJl,DTARGIJ) 
DIMENSION FRSHADl4l 
DIMENSION XDFPR19,15ltXM(91,ITTl211 
DIMENSION FLMAPC121,36l 
DIMENSION AEB0TNl2,101,AFLUXl21,FIELDl12,121 
DIMENSION flAl71•EPM(8) 
DIMENSION NDMl1Zl,I01361,SLl15> 
DATA NDM/31,28,Jl,J0,31,J0,31,Jl,JO,Jl,JO,Jl/ 
JF(C.LT.0,0005) GO TO 62 
WRITE16,75J2l 

7532 FORMATllHl,/ ,j9X,28HHELIOSTAT OPTICAL PARAMETERS,/) 
WRITEl6,700ll PAXlB,PAX2BtTSB,PHB,PAXlV,PAX2V,TSV,PHV 

7001 FO~MAT(l5X,5HPAX1B,5X,5HPAX2B,7X,3HTSB,7X,JHPHB,5X,5HPAXlV,5X, 
]5HPAX2V,7X,3HTSV,7X,3HPHVt/•lOX,10FlO • S,/I 

NNl=NLATC 
00 8011 1=1,1 

8011 IPLANlll=O 
DO 412 l:l,4 

412 FRSHAD(l)=O.O 
00 3010 1=1,20 

3010 ITTlll=O 
XKNT=O.O 
CALL ROOFll,Ool 
DO 6101 I=I,NNl 
00 6101 J=l,NLONG 

6101 FLMAPC(l,J>=O • 

TOPC=O. 

03121177 2lo5l~l6 
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SUBROUTINE MONTEZ 74/74 OPhl FTN ,..,5!4UIA IJJ/Zl/77 2l,.·5l,.l6 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

CALL POL~AP (0.,0.,0.,l,O> 
00 8101 J=ltl2 -
00 8101 J=l,12 

8101 rIELO<I,jl=O. 
CALL HITFAC(010101l10I 
SPPT = o.o 
SHAOL=o.o 
IDf'L=Z 
00 700~ MAC=l•IOFL 

7009 AfLUXIMACl=O• 
oo 3611 1=1,7 

3611 X:-1(11=0. 
OAY=f'LOAT I JOAY) 
OE~O~=SQ~TIA•A•B•BI 
ELZ=ATAN~IC,OENOMI 
CALL INTENIMON,IOAY1ELZ1UDNII 
XKWNI=.Oo315°UONI 
THETAZ=ATANZIB.Al•360.0/(2.0*3.141591 
If' ITHETAZ .LT •• 00011 THETAZ=THETAZ•360.0 
TELZ=ELZ•360.0/IZ.0•3.141591 -
WRITE 16,221 TfLZ,THETAZ.XKWNI 
XMDNI=xKwNI 

22 FORMAT l/17X,3HELZ14X16HTHETAZ,5X1SHXKWNI1/13FlO.S,/I 
uo~1=.0031s•uo~1•c 
AVE=O.O 
ICOLO=O 
ICOLS=O 
ICOU-f=O 
COLO=o.o 
COLH=O.O 

C f'OR POLAO PACKING THE DRAW RANGE IS EXTENDED FROM RC0/2 TO RFIELD• 
Rf'IELD=Pf'IELO•O,l•TH 
RCO=RC0/2• -
AREA=3.14159•CPFIELO•RFIELD-RCO•RCOI 
CONV=.09l9•AREA•UD~I 
RC02 = RcO•RCO 
OELRAD = Rf'IELD••z - HCOZ 
Rf'IELO=RFIELO-O.l•TH 
RCO=RCO•~• 

C THIS IS BECAUSE Q IS IN LANGLY/MIM. 
WRITEl6,10Ql) CONV 

1001 FOP.MAT l/120X,lOH• 0 ••••••••,20H CONVERSION FACTOR =,EZ0.10, 
1 llH •••••••••••Ill 

00 297 I= 1, 3 
297 UHVIIl=UEIII 

00 1004 NX=l,NRUN 
00 7010 ~AC=l•IDf'L 

7010 AEOOTN(M~C,NXl=O• 
TOPCAV=O. 
00 200 JJ=l,IRAYS 
ICELM=o 
JCf.LM=O 

XCM=O. 
YC'-'=O. 
CALL RNOOMIR6,R7) 
THSL=TSV•Rli•TSB 
PH:360.•qANr(O.OI 
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SU~ROUTJNE MONTE2 71t/71t OPT=l 

CALL RNODM(R3tRlt) 
PAXl=PAXJVoP3•PAXl9 
PAX2=PAX~V 0 Rlt•PAX2B 
F!2:RA111Flry.) 
F!3:RANFIO.) 
CSF!A=COSC6.28318*R2> 
SNRA=SINC6.28318°R2) 
CALL LIMOR!R3tLIMC,F!OERNl 
TH5F!=ROEoN•CSRA 
TH5U=KOEQN•S!IIRA 

708 R6:RANFIO.I 
R7:RANFCO.) 
ND1=2 
COUNT=l• 
IAC=O 
CDUMl=C0S16 • 28318•R6) 
CDUM2=5I!1116o28318*R61 
CDIJM3=SQRTIIRFIELD•O.l*THl*•2•R71 
XP=COUMl•COUM3-TOISX . 
YP=COUM2•CDUM3-TOISY 
JF ISQRT(XP*XP•YP•YP) .LT. RC0/2 • 1 GO TO 708 
CALL TSH4DIDDBASE,DDTOP,ICOD> 
IF IICOD.EO.OI GO TO 8000 
ITTl141=ITTllltl•l 
GO TO 20n 

8000 CALL PTOwERINDl,IACtARATJOl 
JTTINDl•ll=ITTINDl•ll•l 
JCOLH=ICOLH•JCMH 
ICoLS= ICoLS• JCSH 
ICOLO=ICOLO•IOHIT 
COLH=COLH•COUNT 0 ICMH 
COLO=COL~•COUNT•IOHIT 

C ENERGY LOST IN MIR~OR SHADOWS 
SHADL=SHADL•C0UNT 0 ICSH 

FTN 4;5+4l0A 

JFtIFRAM.GT.01 FRSHADIIFRAM)=FRSHADCIFRAM)•COUNT 
IF INDl .GE. It) CALL POLMAPICOUNTtCONVtNPP,2,NDll 
IF (ND1.E0.121 5PPT=SPPT+COUNT 
IF(IAC.Eo.o> GOT~ 200 
EDOTN=CO'J!IIT 
AVE=AVE•EDOTN 
AEOOTNII~C,NXl=AEODTNIIAC,NXl•EOOTN 
FIELDIIC~LM,JCELMl=FIELDIICELM,JCELMl•COUNT 
JFCJAC.E0.31 TOPCAV=TOPCAV•COUNT 
IfCIAC.EQ.31 CALL ROOF12,DCONMl 
IFIIAC.F.o.z> FLMAPC(CILATC2l,ILONGl=FLMAPCICILATC21,ILONGl•COUNT 

200 CONT HIUE 
ONM=lo/FLDATCIRAYSI 
XOFPRll,!IIX>=FLOATCICOLHl*ONM 
D!IIM2=FLOATIIC0LSI 
ONMJ=l.lFLOATIJRAYS•ICOLSI 
XDFPR12,!11X)=ONM2*D!IIM3 
DNMlt=FLOATCICDLOI 
XDFPR(J,!\IX)=DNMlt*D!IIM 
XDFPR14,~X>=AVf*DNM 

TOPINX)=TOPCAV*O!IIM 
DO 7004 MAC=l•IDFL 

~ftfth A~nnTMIMAr.Nxl:AEOOTN(MAC,NXl*DNM 

03/?.1177 21;51;16 
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175 

180 

185 
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2.05 
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,IS, 

0 
-.J 
0 
,IS, 
l --I ti:! 

1004 CONTINUE 
DO 1802 t=!,NRUN 
TOPC=TOPC•TOPCII 
00 7005 MAC=l•IDf'L 

7005 AfLUXCMACl~AfLUXCMACl•AEDOTN(MAC,II 
1802 CONTINUE -

DCONM=.ool•CONV/fLOATCNRUN*IRAYSI 
SPPT = SDPT•DCONM•looo. 
DO 6106 t=l,NNl 
DO 6106 J= 1,NLONG 

6106 fLMAPC1I,JI = fLMADC(l,Jl•OCONM 
XXR=lo/fLOAT(NRUN*IRAYSI 
DO 8102 I=ltl2 
00 8102 J=l,12 

8102 fIELD<I•Jl=fIELDII•Jl*XXR 
TOPC=fOPC/FLOATINRUNI 
DO 7006 uAC=l•IDfL 

7006 AfLUXIMACl=AfLUX(MACI/NRUN 
WRITEC6tl8?.0I NRUN,IRAYS 

1820 f0QMATl25X,15HSTATISTICS fOR 11418H RUNS AT,I6,13H RAYS PER RUN,/1 
WRITE16,!8?ll 

1921 fOPMAT( /t40XtlOH•••••••••••llHOUTPUT CDDE,lOH••••••••••,//olOX, 
144HETAl=FRACTION OF FIELD fLUX THAT HIT MIRRORS,/,lOXi 
216HETA2=QEfLECTANCE,1,1ox, 
349HETA3=FRACTION Of FLUX NOT OBSCURED ON THE WAY OUT,/,lOX, 
536HETA4=FRACTION Of fLUX THAT HIT TOWER,/,lOX, 
~52HETA5=FRACTION OF FIELD fLUX THAT HIT CAVITY ,1,1ox, 
753HETA6=FRACTION OF fIELD FLUX THAT HIT THE CAVITY WALLS,/,lOX, 
R52HETA7=FRACTION Of FJELD FLUX THAT WAS IN TOWER SHADOW,/) 

WRITE 16,oOol I 
9001 fOQMAT( /tlOX,J4HE•LUAl=TOTAL FLUX ON FIELD IN KW ,1,1ox, 

140HEfLUX?=TOTAL fLUX ON MIRRORS IN KW ,/,lOX, 
?42HEFLUX]=TOTAL f'L;JJr LEAVING MIRRORS IN KW ,/tlOX, 
355HEFLUX4=TOTAL FLUX CLEANLY AWAY FROM FIELD IN KW ,1,1ox, 
\39HEFLUXS=TOfAL FLUX 0~ POWER TOWER IN KW ,/,lOX, 
;>37HEFLUX6=•LUX ON CAVITY DIFFUSER IN KW ,/,lOX, 
734HffLUX7=FLUX ON CAVITY WALLS IN KW ,1,1ox, 
837HEFLUXA=•LUX ON CAVITY CEILING IN KW 1/l 

WRITE 16,27991 
2799 FOPMATI lOX,28~Nl=RAYS DRAWN BEfORE SUNRISE,/,lOX, 

138HN2=RAYS DRAWN WHEN THE SUN WAS TOO LOW,/tlOX, 
237HN3=RAYS DRAWN T~AT HIT THE OPEN FIELD,/,lOX, 
347HN4=RAYS WHICH HIT MIRROR BUT WERE LOST IN SPACE,/,l0X, 
443HN5=QAyS DRAWN THAT WERE BLOCKED IN ON9LOCKS,/,lOX, 
53~HN6=RAYS THAT WE~E OBSCURED IN OFFBLOCK,/,IOX, 
633HN7=RAYS WHICH HIT CAVITY DIFFUSER,/,lOX, 
723HN8=RAYS WHICH HIT WALLS,/,lOX, 
822HN9=PAYS WHICH HIT ROOF,/,lOX, 
Q26HNlO=R-YS WHICH ~ISSED HIGH,/,lOX, 
!38HNll=RAYS WHICH ~ISSED ACROSS THE FRONTt/tlOX, 
!25HNl2:RtYS WHICH ~ISSfO LOW,/,lOX, 
?27HNl3=RAYS WHICH ~IT SUDPORTS,/,lOX, 
]39HNl4=R~YS WHICH WEqE IN THE TOWER SHADOW,/tlOXt 
o?8HNIS=RAY5 WHICH WHISTLED THHU,/tlOX, 
443HNl6=RAYS WHICH FRAME SHADOWED ON SAME HELIO,/,lOX, 
544HN17=RAY5 WHICH FRAME SHADOWED ON OTHER HELIO,/,lOX• 
642HNl8=RAYS WHICH FHAME 9LOCKEO ON SAME HELIO,/,lOX, 
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743HN19=RAYS WHICH FRAME BLOCKED ON OTHER HELIOl 
TOPC=TOPr.•rONV 

C 

NTOT=NRU~•rRAY~ 
XM!ll=CO~V 
XM!2l=ICOL~•CONV/NTOT 
XM!3l=COLH•CONV/NTOT 
XMRLOC=COL0°CONV/NTOT 
XMS~AD=SHADL•CONV/FLOATINTOTI 
XM!~l=AVE/NTOT•CONV 
XM(61=AFLUX(ll•CONV 
XM17l=AFLUX(2l•CONV 
XM(81=TOPC 
FRSHAO(l)=FRSHAD(ll*CONV/FLOAT(NTOT) 
FRSHAD(2l=FRSHAOl2l*CONV/FLOAT(NTOT) 
FRSHA0(3l=FRSHAD(31•CONV/FLOAT(NTOTI 
FRSHA0(4l=FRSHA0(41*CONV/FLOAT(NTOT) 

C••••••FRSHAD(Jl=ENERGY LOST FROM FRAME SHADOWS 
C••••••ON THE SAME HELIOSTAT WHICH CONTAINS THE HIT FACET 
C 
C••••••FRSHAD<?l=ENERGY LOST FROM FRAME SHADOWS ON HELIOSTATS 
C OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET -
C 
C••••••FRSHAOl3l=ENERGY LOST FOOM FRAME BLOCKS ON THE SAME 
C HELIOSTAT WHICH CONTAINS THE HIT FACET 
C 
c••••••FRSHA0141=ENERGY LOST FROM FRAME BLOCKS ON HELIOSTATS 
C OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET 
C 

XM(41=XM(31-XM~LOC 
XMA~BE:XM(4)-XM(5) 
XMREFL:XM(2)-XM(3) 
ETA(ll=XM(21/XM(ll 
ETAl21=1.0-,MREFL/XMl2l 
ETAl3l=l.O-XMBLOC/XM(3) 
ETAl4l=l.O-XMA~AE/XM(4) 
ETAl5l=XM1Sl/X~lll 
ETAl61=X~(71/XM(ll 
ETA17l=FLOATIITTl14ll/FLOATINRUN*IRAYS) 
DDUM=l.lETAlll 
XXR=CONV1<.0929•WCELL*WCELLl 
DD 8103 1=1,12 
DO 8103 J=],12 

8103 FIELDl!,Jl=FIELOIJ,Jl*XXR 
wRITE16,J005l IJ,I=l,71 

1005 FORMAT(/,lOX,7(4X,3HETA,Illl 
WRITE16,J0061 <ETA<I>,1=1•71 

1006 FORMAT(lOX,14F8.5l 
Kl=l 
WRJTE<6,10071 <J•J=l,81 

1007 FORMAT(/,819X,SHEFLUX,llll 
WRJTEl6,]0081 (XM(ll,1=1,8) 

1008 FO~MAT(9f]S.6l 
2001 FORMATl/,IOX,9(3X,lHN•lll,l0(3X,lHN,I211 

WPJTE<6,?00ll ll•I=J,191 
WRJTE<6,?002l <ITT<Il•I=l,191 

2002 fOPM~T(lnX,915,1016,/1 

03121111 21.s1.16 
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7002 FORMAT(lHll 
~RTTE16,201 

20 FORMAT( //,20X,l4HTIME POINT RUNl 
AFTELO=OELPA0°3.l4159 
AREAM=NCOL 0 NHF•wO•wFV•0.0929 
EPM!ll=(XM(2l•XMSHAO•FRSHA01ll•FRSHAD(2)l/AREAM 
00 21 1=2•~ 

21 EPMIIl=X~II)/AREAM 
EPM(6l=EPMC5l*0.9 
TEl=EPMIJI/XMONI 
TE2=EPM(41/XMONI 
WRITE16,271 AREAM,XMONI 

27 FORMATC/,9X,18HACTUAL MIRROR AREA,10X,20HDIRECT NORMAL ENERGY, 
• /,l5X,FJ2.4,1BX,Fl2.4l 

WRTTE16,?3> <EPM(Il,I=l,61 
23 FO~MAT(//,23X,26HE~ERGY IKWHl PER SQ. METER, 

11,2ox,10HUNSHADOWE0,10X,Fl2.4, 
2/•20X,8HSHA00WED,12X,Fl2.4, 
3/•20X,14HLfAVING MIRROR,6X,Fl2.4, 
4/•?0X,12HCLEANLY AWAY,8X,Fl2.4, 
5/,20X,13HTHRU APERTURE,7X,Fl2o4, 
6/•20X,BHAB50RBE0,12X,Fl2.4l 

WRTTE<6,241 TE1,TE2 
24 FOPMAT(//tl5X,19HTRACKING EFFICIENCY,2X,12HIUNSHAOOWEDl,7X, 

•Fl0.4,/,:61,14HCCLEANLY AWAYl,5X,FlOo4l 
WRITE 16,51 

5 FORMAT( /,11X,9HN~M8ER OF,5X,7HSUPPORT,7X,6HKWH ON,/,12X,8HSUPP 
!ORTS,7X,SHWIOTH,4X,AHSUPPORTSl 

WRITE (6,101 NSUP,SW,SPPT 
10 FORMAT 11,1ox,110,,12.1,F12.1,11 

WRJTE<6,~0101 CIPLANtl?l,IP=l•7l 
8010 FORMAT t//,36X,20HHfLIOSTAT FRAME HlTS,//t20X,9HTOP fRAME,4Xo 

2 llHSIDE FRAMES,4X,12HCROSS FRAMES,4X,12HBOTTO~ FRAMEt/,22Xt 
3 I3,9X,l3•3X,13,5X,3113,2Xl,6X,I31 

WRTTEt6,1150l FRSHAOl11,FRSHAOC2l,FRSHAOl3l,FRSHA014l 
3150 FORMAT(//,40X,27HENERGY LOST ON FRAME IN KWH,//,28X,12HFRAME SHADD 

•W•2AX~llHFRAME BLOCK,/,16X,13HDN SAME HELI0,7X, 
113HON DIFF HELI0,7X,13HON SAME HELI0,7X,13HON OIFF HELIO,/, 
215X,Fl2.l•P.X,Fl2,l,8X,Fl2.l,8X,Fl2.ll 

WRJTE16,7002J 
CALL HJTFACI0,0,0,3,NHFI 
XZONE=6,?83185~RSWTCl2l•HCAV•0.0929/FLOATINLONG•NLATCl 
PZONE=l,/XZONE 
00 6402 t=l,NNl 
00 6402 J=J,NLONG 

6402 FLMAPCll,Jl=FLMAPCII,Jl*PZONE 
CALL WALLMP(FLMAPC,NLONG,NLATC,HCAVl 
CA~L ROOFl1tOCONMI 
WRITE16,~l04) 

~104 F0PMAT(20X,44HKW/S~,M FLUX MAP OF POWER TOWER MIRROR FIELD,/l 
DO 8105 J=l,10 

8105 WR!TEt~,~1061 CFIELDCl,Jl,I=ltlOl 
8106 FORMAT(IQX,12FI0,61 

CALL POL~A 0 (C0UNT,CONV,NTOT,3,NOll 
STFST=l0.E•30 
NM~=llO 
IS=NMX/10 
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K=ll MONTEZ 339 
JSTOPsIS MONTS:-2 31+0 

31+5 00 3050 I\IN=loN'4X MONTF"2 31+1 
S"1AX=O.O MONTE"2 31+2 
DO 301+0 J=J,11 MONTEZ 31+3 
DO 301+0 J=t,10 MONTEZ 31+1+ 

301+0 JF'cF'IELDCl,JloGToS~AXoANDoF'lELDll•Jl.LT.STESTl SMAX=F'IELOlloJI MONTEZ 345 
350 STEST=SMAX MONTEZ 346 

JF'CNN.LT.ISTOPJ GO TO 3050 MQNTE2 31+7 
ISTOP=JSTOP•IS MONTEZ 348 
K=K•l MONTEZ 31+9 
SLIKl=SMAX MONTEZ 350 

355 3050 CONT HIUE MONTI: 2 351 
KK=K-1 MONTE2 352 
WRITE 16,3180) I SL! II , I= l , l O I MONTE2 353 

3180 F'O~MATllHl,//•JOX,BHSL ARRAYtl0F'l0.6,//l MONTEZ 351+ 
.i:,. DO 61 ,I= l , I 0 MONTf2 355 
0 360 DO 73 I=lt 11 MONTEZ 356 t,:I ""' 73 10111=0 MONTE?. 357 0 I 
CA) 00 70 I=l•ll MONTE2 35B .... 
I 00 60 KL=l,KK MoNTF2 359 ""' ...... ...... KLX=KK-KL • l MONTE2 360 I 

l\:) 365 IF'CF'IELOCl,JloGToSL.(KLXll GO TO 43 MONTE?. 361 
GO TO 70 MONTE?. 362 

43 IOCil=KLX MONTE2 363 
60 CONTINUE MONTF:2 361+ 
70 CONTINUE MONTE?. 365 

370 WRITE 16,65! I IOI II>• 11=1 • 111 MQNTE2 366 
65 F'CPMATC20X,2014,//I MONTE2 367 
61 CONTINUE MONTE?. 368 
62 CONTINUE MoNTE2 369 

RETURN MONTEZ 370 
375 END MONTEZ 371 
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SUqROUTINE MONTE!X"loHOURSI 
C•• THIS IS THE TIME INTEGRATION ROUTINE. IT RANOOMLY CHOOSES A TIME 
CANO DAY OVER THE ENTIRE YEAR, ANO USES THE RESULTS TO INTEGRATE 
C YEAPLY ENERGY. FROM IT, VECTS, lNTEN, RNORM ANO PTOWER ARE CALLED. 

REAL N 
Ol~ENSION TOP!lSI 
INTEGER CILAT 
COMMON/CAVITY/SEP,OOl,OD2,RDlF,HDJF,HCAV,HSWTC<Zl,RSWTC!21, 

1 C!LAT(21,CAVLATt2,2ll,AIMHGT 
COMMON/TABLE/UHV(31,UAXV(3l,UXV2(31,RST(31,WFV,NHF,XOf,WD2,WFV2, 

l RH513lo0ELX,DELY,WO,IFV,RR8131,UAXV~l31,UXV2PP(3l, 
2 UTTl31,UNN?(3),UXV2P(3l 
3 •UMNPl31,UMNPP(31,F,ALEN,UBEON(31,JFOC,JORIVE 

COMM0N/JOK~R/URP(3l,US113l,THSL,PH,THSR,THSU,COUNT,WAVL(20l,OAAO 
COMMON /ST~TS/TPa,TsB,PHB,TPV,PHV,AVE,TSV,PAXlV,PAXlB•PAX2V,PAX28 

COMMON /~ALL/ DCOL,SCDELTl3l,XP,YP,PAXl,PAX2,0(3l 
COMMON/BABA/STH,CTrl,SEQ,OME,OMSoN(Jl,UE(Jl, 

l UN!3),USl31,UAl31,URl31,THETA,MON,JOAY,SMALA,CAPR,CEQ 
COMMON/RANDOM/NRUN,!RANC,IJUMP,MOOE,JSRAN,IRAYS 

1 • ITl,U~NI,LIMC,OINTV,YFRAC 
COMMON /JEFF/ UMNSIJ),RRSl31,NSTOPS,A•B•C•SMAX,RFJELO•TH,ICMH• 

1 JCSH,IFC,IrlJT•JCSH2oNCOL,JHOUR,HIN,ELZ,T,TOJSX,TOISY, 
2 l)U"A,0UMBo0UMC,U"1NNl (3) ,UH'IIN213l ,UMN(3) ,iOHIT•NLAT, 
3 •!LONG, ILONG,NLATC ,RCO,NPACt<.ENHM 

COMMON /CI'IIDEX/ XPCOL,YPCDL,COSA,COSB,SLOUM,WCELL,JCELL,JCELL• 
l ~C5AV,YCSAV,XCMtYCM,JCfLM,JCELM 

COMMON/SUPPT /DEL Hh THES,KSEG, APH,Slll,NSUP,RCONE, THECON,HTOT 
COMHON/T TL TEO/TT IL T ,UVT I 31 ,tJl I 31 ,U2 ( 31 t'IIIAPMAX, WAPMIN,OFFSET 
COMMDN/STRUCT/GA?,WLONr.,wsJOE,'IIITRl,XLTRJ,Bl•B2,'IIICROSS•~DUM,IFRAM 

o,HTHJR,HTCROS,WJCROS 
COMMON/TOE/CTAZT,STAZT,CTELT,JFOCUS,STELT,UTARG13l,OTARGC3l 
OIMf.NSIO'II FRSHA014) 
COMMON/Pl A'-E /IPL AN.I 7 l 
OIMENSIO~ xOFPRC9~1Sl,XM(91,JTT12ll 
l)IMENS[O'II FLMAPC(2l,J61 
OIMENS.ION AEOOTN 12, l O I, AFLUX 121,FIEt.0112• 121 
DIMENSION ETAl71,EPM18l 
OIMENSIO"I •10Mll2l,I0136l,Slll5l 
DATA NOM/3},59,QO,l20•l5l•l8l,Zl2•243,273,304,331t,365/ 
WRJTE16,7S32l 

7532 FORMAT(l~l, /,39X,28HHELIOSTAT OPTICAL PARAMETERS,/) 
WR!TE16,700ll PAXIA,PAX28,TSB,PH8,PAX1V,PAX2V,TSV,PHV 

7001 F0kMAT(l~X.5HPAX19,5X,~HPAX2B,7X,3HTS8,7X,3HPHB,5X,5HPAXlV,5Xt 
}5HPAX2V,7X,3HT~V,7X,3HPHV,/,lOX,10FlO.St/l 

NNl=NLATC 
DO !IOI 1 T=lt7 

ROll IP!..AN(ll:O 
00 412 l=lo4 

412 FR5HADlll=O.O 
DO 3010 T=l ,20 

3010 ITTIIl=O 
CALL HJTl'ACIO,O,O,l,Ol 
CALL T~AP(O.,O.,l,1 0 ,0,0.tll 
CALL PQL~AP 10 0 ,0.,0.,l,Ot 
CALL ROOI' I\ ,0.1 
00 6102 I=lt"4Nl 

MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MnNTE 
MONT£ 
MONTE 
MONTE 
MONTE 
MONTE 
MONT£ 
MONTE 
MONTE 
Ml)NTE 
MONTE 
MONTE 
MDNTE 
MONTE 
MONTE 
FINAL 
MONTE 
M(INTE 
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00 6102 .1• l,NLONG MONTF. 59 
6102 FLMAPCll,JI • O. MONTF 60 

60 TOPC•O. MONTF 61 
TOTElll=O.O MONTE 62 
TOTONl=O. MONTE 63 
COLH=O.O MONTE 64 
COLO=O.O MONTE 65 

65 ENi-lM=O.O MONTE 66 
f'OPT:0 0 0 MONTE 67 
SHAOL=o.o MONTE 68 
NTOT=NQll"l•IRAYS MONTf' 69 
XK•H=O.O MONTE 70 

70 C POINT D MONTE 71 
DO 8101 I=hl2 MONTE 72 
DO 8 l O l J= lo 12 MONTE 73 

8101 f'lELDII•Jl=O. MONTE' 74 
JOF'L=?. MONTE 75 

75 CTILT=COSITTILTI MONTF. 76 
ST!LT=SI111ITTJLTI MONT[ 77 
SPPT = O.O MONTE 78 
00 7009 ~AC=l•JDFL MONTE 79 

7009 Af'LUXIMACl=O• MONTE 80 
80 DO 361 l 1=1·, 7 MONTE Bl 

3611 XMlll=O. MONTE 82 

"'" MON=6 MONTE 83 t:d 
0 IDAY=21 MONTE 84 I 

-.J T=J2. MONTE 85 
... 

0 
cc, 

c:.., 85 CALL VF.CTS MONTF. 86 
I OEN0~=5QRT(A•A•B•B) MONTE 87 ...... ...... E'L7=ATAlll?IC•OENOM) MoNTf' 88 
I 

t-.:i CALL INTENIMON,IDAY,ELZ,VDNII M()NTF. 89 
UDNl=.0031S•UDNl*C MONTE 90 

90 C f'OR POLAR PACKING THE DRAW RANGE 1S EXTEIIIOEO f'ROM RCO/Z TO Rf'IELD• MONTE 91 
Rf'IELO=Rrl£LO•o.1•TH MONTE 92 
RCO=RCOI;>. MONTE 93 
ARfA=3.l4lS9•1RFIELO•Rf'IELD-RCO•RCOl MONTE 94 
C0NV=.09?9~UON!*AR£A•DINTV*Yf'RAC MONTE 95 

95 RC02 = RCO<>RCO MQNTF. 96 
DELRAO = RFIEL0••2 - RC02 MONTE 97 
RF!ELO=R•IF.LO-O•l•TH MONTF. 98 
RCO=RCO"?• MONTE 99 

~C THIS IS BECAUSE Q IS 1111 LANGLY/MlN. MONTE 100 
100 WRJTE16,}0011 COIIIV MONTE 101 

1001 f'O"lMATI/ ,20X,10H•••••••••••20H CONVERSION f'ACTOR •,E20.l0, MONTE 102 
l llH ••••••••••• ,, MONTE 103 
00 1004 111X=l,NRUN MnNTF. 104 
AVF=O. MONTE 105 

105 ICOLO=O MONTE 106 
ICOLS=O MONTE 107 
ICOLH=O MONTE 108 
TOPCAV=O. MONTE 109 
DO 7010 MAC=l•IOf'L MONTE 110 

110 7010 AEOOTN(MAC,NXl=O. MONTE 111 
00 200 JJ=},JRAYS MONTE 112 
!CELM=O MONTf' 113 
JCfLM=O MoNTF: 114 
l!.CM=O. HONTF: 115 
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115 YCM=O. Mr)NTE 116 
NDt=O MONTE 117 
CALL RNORM(R6,R71 M()NTE 118 
TH5L=TSV~R6•TSB MONTE 119 
PH:360.•RANF'(O.Ol MONTE 120 

120 CALL RNO::/M(R3,R41 MONTE 121 
PAXl=PAXIV•R3•PAXlB MONTE 122 
PAX2=PAX~V•R4•PAX28 MnNTF. 123 
XR2=RANF'(O.I M()NTF' 124 
XR1=RANF'!O.> MONTE 125 

125 NDAY•INTIXR2*365ol•l M('INTE 126 
00 5195 1=1,12 MONTE 127 
IF'<NOAY .LE. NOM!l11 GO TO 5101 I-IONTE 128 

5195 CONTINUE MONTE 129 
GO TO 5102 MONTE 130 

130 S101 MON•! MONTE 131 
5102 !F'(MON.Lf.11 GO TO 5196 MONTE 132 

IDAY•NDAY-NDM(MON-11 MONTE 133 
GO TO 5197 MONTE 134 

5196 IDAY•NOAy MONTE 135 
135 5197 CONTINUE MONTE 136 

T•xk3*14.•5• MONTF. 137 
CALL VECTS MONTE 1311 

.i,. IF' IC .GT. O.Ol GO TO 8950 MONTE 139 t:t:l 0 COUNT=O. MONTE 140 

...J I 

0 140 ITT!ll=ITT<l>•l MONTE" 141 N 

"' GO TO 200 MONTE 142 0 
I 8950 OENOM•SORT(B•B•A*AI MONTE 143 ..... ..... ELZ•ATAN2!C,OENOM) MnNTE 144 
I 
N IF' <C.GE •• 0051 GO TO 5198 MONTE 145 

145 ITT <21=1TT!2l •I MnNTE 146 
COUNT•O. MONTE 147 
GO TO 200 MONTE 148 

5198 CALL INTENIMON,JOAY,ELZ,ONI) MONTE 149 
ONI•.003J5•0Nl•C .. ONTE 150 

150 COUNT•DNI/UDNI MONTE 151 
00 297 1:1,3 MONTE 152 
UVTIIl=CTILT•NIII-STILT•UNIII MONTE 153 
Ul!ll•CTJLT*UN<Jl•ST!LT•Nlll MONTE 154 
U21ll=UEIII MONTE 155 

155 297 UHV ( I I •UE I I I MONTE 156 
NDl•2 MONTE 157 

C TOTAL ENERGY FALLING ON F'IELO MONTE 158 
TOTEN•TOTE~•COUNT MnNTF' 159 

C TOTAL DIRECT NORMAL ENERGY MONTE 160 
160 TOTONl•TOTDNl•ONI/C MONTE 161 

R2 • 11A'>jf IO• I MONTE 162 
R3 • RANF'(O.I MQNTF. 163 
CSRA•CO~l6.2831B*R2l MnNTF. 164 
S~RA•S!N(6.211318*R21 M()NTF.: 165 

165 CALL LJMnR(R3,LIMC,ROERNI MONTIC 166 
TH<;R=ROfRN<>t;SRA MONTI: 167 
TH<;U=ROERN•SNRA MONTE 161'1 

708 R6:RANF'IOol MONTF' 169 
R7=PANF'(O.I MONTE 170 

170 IAC=O MONTE 171 
C0UMl•COS(h.28318•R6l MONTE 172 
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CDUM2=SJJ\J(6.28318•q6J MONTF 173 
CDUM3=~0QT(IRFIELD•.l~THJ••2•R7l MONTI': 174 
XP:CDUMl*C0U"3 MONTI': 175 

175 YP=CDU..,2•COU"13 MnNTE 176 
XP=XP-TOISJI MONTE 177 
YP=YP-TDTSY MONTE 178 
If ISQQT(XP*XP+YP•YPI .LT• RC0/2.l GO TO 708 MONTE 179 
CALL TSHADIDDBASE•DDTOP•ICODI MONTE 180 

180 If IICOD.EQ.Ol GO TO 8000 MnNTf 181 
ITTl141=TTTl141+1 MONTE 182 
GO TO 200 MONTE 183 

8000 CALL PTOWERINDl•IAC.ARATIOl MONTE 184 
ITTINDl•ll=ITT!NDl+lJ+l MONTE 185 

185 ICOLH=ICOL~•ICMH MONTE 186 
ICOLS=ICnLS•ICSH MONTE 187 
ICOLO=ICOLO+IOHIT MONT[ 188 

C ENEQGY AWAY FROM MIRROQS (REFLECTANCE INCLUDED! MONTE 189 

•190 
COLH=COLH+COUNT*IC"'H MONTE 190 

C ENERGY OBSCURED BY MlRQOQ BACKS MONTE 191 
COLO=COLQ+COUNT*IOHIT MONTE 192 
SHADL=SHADL+COUNT*ICSH MONTE 193 
lf(IFRAM.GT.01 FRSHAD<IfRAMl=fRSHAD(lfRA~l•COUNT MONTE 194 .,,. If INDl .GE • 41 CALL POLMAP<COUNT•CONY.N°P•2•ND11 MONTE 195 

0 195 IF(NDl.EQol21 SPPT=SPPT+COUNT MONTE 196 
-.J JfllAC.Er.oOI GO TO 200 M()NTE 197 to 0 
w EDOTN=COIJNT MONTE 198 I 

I FOPT=fOPT+fDOTN MONTE 199 N 
,_, .... ,_, AVE=AV~•EO'.lTN MONTE 200 
I 

N zoo AEDOTNIIftC.NXl=AEDOTNIIAC•NXl•EDOTN MONTE 201 
CALL TMAP(XCMtYCM.'40N•COUNT•NTOT•CONV•2l Mr)NTF. 202 
flf.LDIIC~L"1,JCF.LMl=fIELDIICELM.JCEL~l•COUNT MONTE 203 
IflIAC.EQ.JI TOPCAV=TOPCAV•COUNT MONTE 204 
IFIIAC.EQ.31 CALL ~00fl2,0CONMI MONTE 205 

205 If I IAC.EQ.?I fLMAPC(CJLAT(21•ILONGJ=fLMAPC(CILAT(21,ILONGl•COUNT MONTE 206 
200 CO•JTINUE MONTE 207 

DNM=l./fLOAT(IRAYSI MONTE 208 
XDfPRll•J\JXl=fLOAT(ICDLHl•DNM MONTE 209 
DNM2=fLO~TrICOLSI M()NTF. 210 

210 DDDS=l./fLOATl!RAYS+ICOLSI MONTE 211 
XDFPR<2•~Xl=DNM2*DOOS MONTF. 212 
DNM4=fLO~T(IC0LOI MONTF. 213 
XDFPRl3•~Xl=DNM4*D~M MONTE 214 
XDfPR14,NXl=AVE•DNM MONTE 215 

215 TOP(NX)=TOPCAV*DNM MONTE 216 
DO 7004 MAC=l•IDfL MONTE 217 

7004 AEOOTN(MAC,NXl=AEDOTNIMAC,NXl•DNM MONTE 218 
1004 COJ\JTINUE MONT,=: 219 

DO 1802 J=l•NRUN MONTE 220 
220 TOPC=TOPC•TOPlll MoNTE 221 

DO 7005 MAC=l,!DfL MONTE" 222 
7005 AfLUXIMACl=AfLUX(MACJ+AEDOTN(MAC,ll MnNTE 223 

DO 1802 .J=I ,4 MONTf 224 
1802 ~M(J)=~M(J)•XDFPRIJ,11 MONTE 225 

225 DCONM=.ool•CONV/FLOAT(NRUN°IRAY51 MONTE 226 
DO 6004 !=ltf\JNI MONTE 227 
DO 6004 J=I ,NLONG MONTE 228 

6004 FLMAPC(J,J>=•LMAPC<J,Jl*DCONM MONTE 229 
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SPPT = SPPT*DCONM•looo. 
XXP=lo/FLOAT(NRUN*IRAYSl 
DO 810 2 I= 1 ,l 2 
DO 8102 J=ltl2 

8102 FIELD!I,J>=FIELD!I,Jl*XXR 
TOPC=TOPc•cONV/fLOAT(N~UN) 
DO 7006 uAt=l•ID•L 

7006 AfLUX(MAC)=AFLUX(MACl/NRUN 
wR1TE16,1820l NAUN,IRAYS 

1820 FORMAT!/,25X,1SHSTATISTICS FOR ,J4,8H RUNS AT,I6,13H RAYS PER RUN, 
l/l 
WR!TE!6,182ll 

1821 FOPMAT(/ ,40X•lOH••••••••••,llHOUTPUT COOE,lOH••••••••••,11,lOX, 
J44HETAt=FRACTION OF FIELD FLUX THAT HIT MIRRORS,1,1ox, 
~16HETA2=REFLECTANCE,/,lOX, 
349HETA3=FRACTION OF FLUX NOT OBSCURED ON THE WAY OUT,1,lOX, 
S36HETA4=FRACTION OF FLUX THAT HIT TOWER,/,lOX, 
652HETAS=FRACTION OF FIELD FLUX THAT HIT CAVITY ,1,1ox, 
753HETA6=FRACTION OF FIELD FLUX THAT HIT THE CAVITY WALLS,/,lOX, 
A52HETA7=FRACTION OF FIELD FLUX THAT WAS IN TOWER SHADOW,/) 

l<IRJTE(6,900ll 
9001 F0PMAT(//t!OX,34HEFLUXl=TOTAL FLUX ON FIELD IN KWH ,1,1ox, 

140HEFLUX2=TOTAL FLUX ON MIRRORS IN KWH ,/,!OX, 
~42HEFLUX3=TOTAL FLUX LEAVING MIRRORS IN KWH ,/,!OX, 
]55HEfLIJX4=T0TAL FL:.JX CLEANLY AWAY FROM FIELD IN KWH ,1,1ox, 
139HEFLUX5=TOTAL FLUX ON POWER TOWER IN KWH,/,lOX, 
2J7HEFLUX6=FLUX ON CAVITY DIFFUSER IN KWH,/,lOX, 
734HEFLUX7=FLUX ON CAVITY WALLS IN KWH,/,lOX, 
8l7HEFLUX~=FLUX ON CAVITY CEILING IN KWH,/) 

•,JR! TE !6,2799) 
2799 FOPMATl/,lGX,28HNl=RAYS DRAWN BEFORE SUNRISE,/,lOX, 

!38HN2=RAYS ORAWN WHEN THE SUN WAS TOO LOW,/,lOX, 
237HN3=RAYS DRAWN THAT HIT THE ,PEN FIELD,/,lOX, 
]47HN4=QAyS WHICH HIT MIRROR AUT WERE LOST IN SPACE,/,lOX, 
443HN5=RAYS D~AWN THAT WERE BLOCKED IN ONALO~KS,/,lOX,· 
538HN6=RAYS THAT WERE OBSCURED IN OFFBLOC~,,.1ox, 
633HN7=RAYS WHICH HIT CAVITY DIFFUS~R,/,lOX, 
723HNB=RAYS WHICH HIT WALLS,/,lOX• 
A22HN9=RAYS WHICH HIT Roo~,,.1ox, 
926HN10=RAYS WHICH MISSED HIGH•/,lOX, 
13AHNll=RAY5 WHICH ~ISSED ACPOSS THE fRONT,/olOX, 
125HN12=RAY5 WHICH MISSED LOW,/,lOX, 
227HN13=RAY5 WHICH HIT SUPPORTS,/,lOX, 
339HN14=RAY5 WHICH WEqE IN THE TOWER SHADOW,/,lOX, 
•31HN15=RAY5 WHICH WHISTLED THROUGH,/,lOX, 
443HNl6=RAYS WHICH FRAME SHAOOWEO ON SAME HELIO,/,lOX, 
544HN17=PAYS WHICH FPAME SHADOWED ON OTHER HELID,/,lOX• 
642HNIR=R~YS WHICH FPAME BLOC~EO ON SAME HELIO,/,lOX, 
74JHN19=RAY5 WHICH FRAME ~LOC~ED ON OTHER HELIOl 

i:TA ! 7l =FLOH ( ITT ( 141 l /FLOAT !NRIJN°1RAYS-I TT I 1 >-ITT 12) l 
C HIT RECEIVEQ 

XH!~l=~FtUXlll•CONV 
XH(7)=AFLUX(21°CONV 
ENORTH = O.O 
ESOUTH = o.d 
XMf)lj I =TOTmll 0 D!'ll<TV 0 YFRAC/NTOT 
XM(6l=TOPC 

MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MoNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
Mr)NTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MnNTE 
MONTE 
MoNH: 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MoNTE 
MONTE 
MONTE 
MMHE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
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2)2 
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245 
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SUBROUTIN!': MONfF 

C 

74;-;;,; oi>t=i 

XMCll=TOTEN•CONV/NfOT 
XM(21=EN~M•CONV/NTOT 
XMC31=CO! H•CONV/NTOT 
XM8LOC=C0L~•CONV/NTOT 
XMSHAO=S~AOL•CQNV/FLOATINTOTI 
XM!Sl=fOPT•CONV/NTOT 
fRSHAO(ll=•RSH~O(ll•CONVlfLOATINTOTl 
fRSHA0<2>=•RSHA0!21•CONV/fLOATINTOTI 
fRSHA0(31=FRSHAOl31•CONV/fLOAT(NTOT) 
fkSHA0(4)=•RSHAD(41•CONVIFLOAT(NTOTI 

C••••••FQSHAO(!l=ENERGY LOST FROM FRAME SHADOWS 

f:"TN it;S•i+lll'A 

C••••••ON THE SAME HELIOSTAT WHICH CONTAINS THE HIT FACET 
C 
c••••••FRSHAOl21=ENERGY LOST FROM FRAME SHADOWS ON HELI05TATS 
C OTHER T~AN THE ONE WHICH CONTAINS THE HIT FACET 
C 
c••••••FRSHAO(Jl=ENERGY LOST FOOM FRAME BLOCKS ON THE SAME 
C HELIOSTAT WHICH CONTAINS THE HIT FACET 
C 
C••••••FRSHA0(41=ENERGY LOST FROM FRAME BLOCKS ON HELIOSTATS 

-c OTHER THAN THE ONE WHICH CONTAINS THE HIT FACET 
C 

XM(41=XM(3f-XM8LOC 
XMABBE=XM(41-XM15) 
XMREfL=XMl21-XM(31 
F.TA<ll=XMl21/XM1ll 
ETA<21=1.0-XMREFL/XMl21 
ETAl31=1,0-XMBLOC/XM(JI 
F.TAl41=l,0-XMAeBE/XMl41 
ETA(51=XM(Sl/XM(ll 
ETAl61=XM(71/XM(ll 
no 0202 r=1 ,10 
00 8200 J = 1,5 

8200 ENORTH = ENORTH • FIELO(l,J) 
00 8201 ., = 6,10 

8201 ESOUTH ~ E~OUTH • FIELD<I,JI 
8202 co,,T INUE 

ENORTH = ENORTH•0 0 00l•CONV 
ESQUTH = E~OUTH•O.OOl•CONV 
XXR=.00l•CONV/l.0929•WCELL•WCELLI 
DO 8103 I=l tl2 
00 8103 J=l ,12 

81-03 FIELD<I,Jl=FIELDII,Jl•XXR 
WRITE<&,!0051 11,I=l,71 

1005 fOQMAT(/,lCX,714X,3HETA,Ill) 
WRtlf.16,)0061 <ETACJl,l=l,7) 

1006 FORMAT!lOX,l4fR,51 
WRJTEC6,}0071 CJ,J=l,81 

1007 FOPMAT(/,8(9X,5HEFLU~•lll,/I 
wRJTE (6.10081 !XM<I>,I=l,81 

1008 F0RMAT(9c)~.61 
2001 FORMAT(/,IGX,9(3X,IHN,Ill,l0(3X,1HN,J2)) 

WRJTEl6,?0~ll ll•l=l,191 
WRJTE<6,2002) l!TTIIl•I=l,191 

2002 FO~~~T!lOX,9f$,lOI~,II 
C CALCIJLATE HOURS Of SUNSHINE, IN THE YEAR 

03/il/17 ~l:51:16 

MONTE' 
MONTF 
MONTE 
MnNTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE' 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTF. 
MONTE 
MONTE 
MONTE' 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MnNTE 
MONTE 
MONTE 
M()NTE 
MONTE 
MONTE 
MONTE 
MONTI:: 
MONTE 
MONTE 
MONTE 
MONTI' 
MONTE 
MONTE 
MONT,=: 
MONTE' 
MONTE: 
MONTE 
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292 
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309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
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328 
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334 
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337 
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SUBROUTINE HONTF.: 74,71+ OPT=l f"TN 4.5•4lOA 63/21/77 ~l.5t.t6 

31+5 

350 

355 

360 

365 

370 

375 

380 

385 

390 

J95 

HOURS=DINTV•Yf"RAC•ll.O•f"LOATIITTllll/f"LOATINTOTII 
WRJTEl6t70021 

7002 f"ORMATClHl) 
WRJTE (60151 

15 f"OPMAT1/,1,2ox,20HTIME INTEGRATION RUN,//1 
WRTTE16,lll HOURS 

11 fOR~ATl/,lSX,JlHHOURS Of" SUNSHINE IN THE YEAR s,f"lO.l•/l 
Af"TELO=DfL~AD•3.ll+l59 
NHJTM=NTnT-ITTlll•ITTl21 
AREAM=NCOL•NHf"•wD•wFv•o.0929 
f.PM1ll=l~M(21•XMSHAO•FRSHAO(ll+FRSHA0(211/AREAM 
DO 21 I=2•5 

21 EPM(Jl=XMIII/AREAH 
EPM16):EDM(51•0.9 
TEl=EPMIII/XMDNI 
TE2=EPM(41/XMDNI 
WRJTEl6,27I AREAM,XHDNI 

27 FORMAT(/,9X,18HACTUAL MIRROR AREA•l0Xt20HDIRECT NORMAL ENERGY, 
• /,15X,f!2,4,l~X,Fl2.41 

WRJTE16,23) IEPMIIl•I=l,61 
23 FORMAT(/t,23X,26HE~ERGY (KWH) PER SQ. METER, 

l/t20Xtl0MU~SHAno~f.D,lOX,Fl2,4, 
21,2ox,BHSHA00WfD,12X,Fl2.1+, 
3/t20X,14~LEAVING MIRROR,6XtFl2o4t 
4/•20X,12~CLEANLY AWAY,8X,Fl2.1+, 
5/•~0X,!JHTHRU APERTURE,7X,Fl2o4t 
6/•20X,8HAB~OPBE0,12X,f12.41 

WR!TE16,241 TE1,TE2 
24 FOPMAT(/1,!SX,19HTRAC~ING EFFJCJENCY,2X,12HIUNSHAOOWEDl,7X, 

•fl0.4,/t16Xtl4HICLEANLY AWAYlt5X,Fl0,41 
WRITE (6,5) 

5 FORMAT( /,llX,9HNUMBER OF,5X,7HSUPPORT,7Xt6HKWH 0Nt/tl2X,8HSUPP 
10RTS,7X,SHWIDTH,4X,8HSUPPORTSI 

WRITE16,!01 NSUP,S~,SPPT 
10 FORMAT(/,lOX,JlO,fl2.l,fl2.31 

WRJTE16,B0101 l!PLAN(IPl,IP=!,71 
AOlO FORMAT l//,36X,20HHELIOSTAT FRAME HITS,//t20Xt9HTOP FRAME,4X, 

2 llHSIOE FPAHcS,4X,12HCROSS fRAMES,4X,12HBOTTOM FRAME•/•22Xt 
3 13,9X,I)t3X,IJ,5X,3(13,2Xl,6X,!3l 

WRJTE16,3150l fRSHADlll,fRSHAD12l,f"RSHADIJltfRSHA0(41 
3150 f0RMAT(//,40X,27HE~ERGY LOST ON FRAME IN KwH,//,28X,12HfRAME SHADO 

•W•28X,!1HFRAME 8LOC~,/,l6X,13HON SAME HELI0,7X, 
il3HON DIFf HELI0,7X,13HON SAME HELI0,7X,13HON OIFF HELIO,/, 
21sx,fl2.),AX,fl2.l,9X,Fl2.l,8X,Fl2.l) 

~RJTf16,7002l 
CALL H!TFACI0,0,0,3,NHFI 
XZoNE=6.281185•PSwTC(2)•HCAV•0.0929/fLOATINLONG•NLATC) 
PZnNE=l./XZONE 
DO 6402 !=l,NNI 
DO 6402 J=J,NLONG 

6402 FLMAPCIJ,J)=fLMAPCII,Jl•PZONE 
CALL WALLMPlfLMAPC,NLUNG,NLATC,HCAV) 
CALL ROOFIJ,DCONM) 
Wq!TE16,Al04) 

8)04 f0RMAT(///,20X, 
J47HM-H/S~.M ENcRGY MAP Of POWER TOwER MIRROR fIELDt/1 

DO 8105 J=l,10 

MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
M(lNTF.: 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MoNTf 
MoNTf 
MONTE 
MONTE 
MoNTF. 
MONTE 
MoNTE 
MQNTF.: 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MnNTF.: 
MONTE 
Mr,NTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
FJNAL 
fyNAL 
FINAL 
FyNAL 
f"JNAL 
Mr,NTf 
MONTI: 
Mr,NTF. 
MONTE 
MONTE 
MONTE 

344 
31+5 
31+6 
31+7 
31+8 
31+9 
350 
351 
352 
JSJ 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
3B3 
384 
3B5 
366 
387 
JBS 
3B9 

8 
9 

10 
11 
12 

390 
391 
392 
393 
394 
395 
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SUBROUTINE ~ONTE 74/74 OPT=l 

ijl05 WPITE<6•~l06l <FlELO<l•Jl•l=l•lll 
8106 FO~~AT(l~X.llEll.3) 

WRITE(6,Q2031 ENORTH,ESOUTH 

F'TN 4.5~410A 

8203 FOw~AT(///,lOXo24H~ORTH HALF FIELD ENERGY=,3X,El0e4,SX, 
13~MWH•/tl0X•24ijSOUTH HALF FIELD ENERGY:,3X,El0 • 4,SX,3HMWH,///) 

CALL POL~AP(COUNT,CONV,NTOT,3,NDll 
STEST=10.E•30 
NMX=l2). 
IS=NMX/10 
r<=o 
ISTOP=JS 
00 3050 ~N=l,NMX 
S~A)f.=0.0 
00 3040 1=1,11 
00 304() J=l,11 

3040 IF(FIELO<l,JJ.GT • SMAX • AND • FIELO!I,Jl • LT • STESTJ SMAX=FIELD!I,J> 
STEST=SMAX 
IF<NN.LT.15TOPJ GO TO 3050 
ISTOP=ISTOP•IS 
K=K•l 
SL<Kl=SMAX 

3050 CO"lTINUE 
KK=K-1 
WRITE (6031801 ISL!I>•I=l,101 

3180 FORMAT<l~l.//tlOX,9HSL ARRAY,lOEll.S,/1 
D061J=ltll 
00 73 I=l,Il 

73 IO<ll=O 
DC 70 l=J,11 
00 60 KL=loKK 
KLX=KK-KL•l 
IF<FIELDCioJl.GT • SL(KlX)I GO TO 43 
GO TO 70 

43 IO<ll=l<LX 
60 CONTINUE 
70 CONTINUE 

wRilEC6,651 <IO!II!,!I=l,111 
65 FOR~AT<20X,20I4,//I 
61 CONTINUE 

CALL T~AP(l.,1.,MO~,COUNT,NTOT,CONV,31· 
RETURN . 
END 

03121111 21.51.16 
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MONT• 
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MONTE 
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MoNTF. 
MONTE 
MONTE 
MONTE 
MONTE 
MONTE 
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MONTF. 
MONTE 
MONTE 
MONTE 
MONTE 
MONTF. 
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MONTE 
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MoNTF. 
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M()NTF.: 
MONTE 
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399 
400 
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402 
403 
404 
405 
406 
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SU~ROUTINE PTOWER 74174 OPT=l f"TN 4.5•410A 03/21/77 21.51.16 PAGE l 

SU9ROUTINE PTOWERINDl,IAC,ARATIOl PTOWfF~ 2 
C•• THIS PROr.RAM CONTROLS ALL Of THE CALL FOR ALL Of THE HIT TESTS PTOWER J 

C WHICH ARE DO~E. FRO~ IT, PERT, TRIADS, FINDIT, MIRROR, AND MOON PTOWfR 4 
CARE CALLED. PTOWER 5 

5 C ICM1-1=l I, A MIPROR IS HIT. PTOWER 6 
C ICMr-t=O I, A MIRROR IS NOT HIT. PTOWE!~ 7 

REAL N PTOWER 8 
COMMON/8EDTSTIALBLOC,ICOD,UHV2(Jl,UAXV2(3l PTOWER 9 
COMMON/STRUCTIGAP,WLONG,WSIDEtWTRI,XLTRltBBl,82,WCROSS,WOUM,IfRAM PTOWfR 10 

10 o,HTMIR,HTC~OS,wJCROS PTOIIIER 11 
Dl~ENSION YUUM(3l,VS1(3l,VS2(3),VS3(3),VS4(3l,VS5(3l,VS6C3ltVS7(3) PTOWER 12 
COMMON/TABLE/UHV(3),JAXV(3),UXV2(3l,RST(3),WfV,NHf,XDF,W02,WFV2, PTOWER 13 

1 RH~(3),0ELX,DELY,wD,lfV,RR~(3l,UAXVP(3),UXV2PPl3), PTOWER 14 
2 UTTl3l ,Jt-JNP(3) ,UXV2P(3) PTOWfR 15 

15 3 ,UMNP(3),UMNPP(3l,F,ALEN,UHEON(3l,IfOC,IORIVE PTOWER 16 
C0MMON/JOKfR/U~P(J),JSl(Jl,THSL,PH,THSR,THSU,COUNT,WAVLl20),0RAO PTOWER 17 

PTOWER 18 
COMMON /~ALL/ DCOL,SCDELT(3),XP,YP,PAX1,PAX2,D(31 PTOWER 19 
COMMON/BABA/STH,CT • ,SEO,OME,OMS,Nl3>,UEl31, PTOWER 20 

20 1 UN(3),U5(3l,uA(31,UR(31,THETA,MON,IOAY,5MALR,CAPR,CEQ PTOWFR 21 
COMMON /STATS/TPd,TS3,?H3,TPV,PHV,AVE,TSV,PAXlV,PAX1B•PAX2V,PAX2B PTOWf.R 22 
COMMON /JEFF/ UMNSIJ),RRS(JJ,NSTOPS,A,g,c,sMAX,RfIELD•TH,ICMH, PTOWER 23 

l !C~H,IFC•l • IT,ICSH2,NCOL,IHOUR,MIN,ELZ,T,TDISX,TOISY, PTOWER 24 
t:J:l 

.i,. 2 OUMA,0UMB,DUMC,UMNN1(3),UMNN2(3),UMN(3),IOrllT•NLAT, PTOWER 25 
0 25 3 NLONG,!LONG,NLATC,RCO,NPACK,ENHM PT0WfR 26 

I 
N 

-.J COMMON /ClNDEX/ XPCOL,YPCOL,COSA,COSB,SLOUM,WCELL,ICELL,JCELLt PTOWfR 27 0, 

0 
c.., l ~C~AV•YCSAV,XCM,YCM,ICELM,JCELM PTOWER 28 
I COMMON/SUPPT/DELTM,THtS,~SEG,APH,SW,NSUP,RCONE,THECON•HTOT PTOWfR 29 .... .... CCMMON/T!LTEO/T11LT,UVT(3),Jl(3),U2(3),WAPMAX,WAPMIN,0ffSET PTOWfR JO 
I 30 COMMQN/CAVJTY/SEP,001,D02,RDIF,HOIF,HCAV,HSWTC(21,RSW1C(2l, PTOWER 31 

N 
•CILAT(2l,CAVLATC2,2ll,Al~HGT PTOWER 32 

C0MMON/TQE/CTAZT,STAZT,CTELT,lfOCUS,STELT,UTARGl3l,OrARG(31 PTOWF.R 33 
DUMA=-A PTOWER 34 
DUMB=-8 PTOWfR 35 

35 OUMC=C PT0Wfl~ 36 
SMAX=DCOL*SURTCI.-C•CI/C PTOWfR 37 
ICMrt=O PTOWER 38 
ICSH=O PTOWF.R 39 
1011n=o PTOWER 40 

40 1rc:1 PTOWf.R 41 
CALL F!NnlT(NOJ;lfYHSI ~ 

PTOWFR '-2 
If<ICMH,GT.01 GO TO 2172 PTOWFR 43 
RETURN PTOWER 44 

2172 TOTHL=TANITHSR•ORAOl PTOWER 45 
45 TDTHU=TAN(THSU•O~AO) PTOWF.R 46 

OUM2=SQRTl1.•TOTHL•TOTHL•TOTHU•TDTHUI PTOWfR 1+7 
DO 1983 J=l•J PTOWfR 411 

1983 URP(ll=-(TOTHL•U'INNl(ll•TDTHU•UMNN2(11•URCIII/OUM2 PTOWER 1+9 
CALL TRIAOS<N•UMNS,UAXV,UHV,~XV2•U9EONl !'TOWER so 

so CALL PERT3ClfVHSI PTOWFR 51 
CTT•DOT[ij(URP,UN~?I PTOWfR 52 
SN=SO~Tlt.-CTTffCTTI PTOWFR SJ 
XCTT =SN/CTT PTOWFR S4 
THHORM=ATA~IXCTTI/ORAD PTOWl'R 55 

55 ENH~l=~NH'I • COUNl PTOWfR !:>6 
CALL MIP~O~ITHNORM,REfl PTOWfR 57 
courH =CUIIN r •REF PTOWFR 511 
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65 

10 

75 

80 

85 
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100 

105 

110 

SU~ROUTINE PTOWF.R 74/74 OPT=l 

DUM3= -XCM 
0UM4=YCM 
DU~S=TH-.S•OCOL 
00 1984 i=1•3 
US11I>=-2••CTT•UNNPIIJ•URPIIJ 

'rTN 4.5•410A o3,Zlf77 Zl.Sla16 

1984 OIIl=OUM]*:JE!Il-OU-.4•UNIIl•OUHS•NII)•SCDELT(lJ•N<IJ•SCDELT<2>•UE<I 

PyOWER 
PTOWF.R 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PTOWF.:R 
PTOWF:R 
PTOWF.:R 
PTOWF.:R 
PTOIIIF:R 
PTOWER 
PTOl'IER 
PTOl'IER 
PTOlllfl~ 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PTOll/fR 
PTOWF.R 
PTOWER 
PTOWER 
PTOWER 
PTOWF.:R 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PrOwfR 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PTOWER 
PTOWF:R 
PTOWER 
PTOWfR 
PTOWER 
PTOWER 
PTOWFR 
PTOWFR 
PrOwf.R 
PTOvffR 
PTOWFR 
PTOWFR 
PTOW~R 
PTOWF.:R 
PTOWF:R 

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 

ll•SCDELT<3>*UNIIl-~RS(IJ•SEP*0.5*1N<I>-UVT(I)> 
ARATJO=DDTfR(URP,N)/OOTER(UMNS,URPl 
CALL O~JALOCK ( I BLOC, JFVHS,ALBLOC> 
ICOD:3 
00 200 I=l,3 
YDUMlll=IALEN/2.-FLOAT(IFVHS-l>•XDF>•UHV(I) 
VSI!ll=-~H51Il-YDU~!Il-HTMIR*U9EON(I> 
VS21I)=VSl(l)•WO~M•UAXV(l)-WSIOE 0 0.5*UBEON(l) 
VS3 I J l =VS l I J l -wOUM*UAX V ( I l -WS JOE*O. 5*U8E:ON ( I l 
VS41Il=V5lll)-HTCROS•0.5°UBEDNCI) 
VS5111=VS41II-XOF•JHV(ll 
VS61Il=VS4(1) + XDF•UHVIII 

ZOO VS7!Il=VSllll - HTCPOS•uBEDNCII 
CALL FRAv.E1vs1,vs2,vsJ,VS4,VSS,VSb,VS7,ALfRAM,JK,M,ALBLOCJ 
IF(JFRAM.E~.o.AND.JBLOC.EQ.OI GO TO 100 
JF(JFRAM.ED.O.ANO.JBLOC.EQ.ll GO TO 20 
IF!JFRAM.EQ.l.AND.JRLOC.EQ.O) GO TO 30 
JF!ALBLOC.LE.ALF~A-.1 GO TO 20 

30 IBLOC=O 
IF"RAM=3 
N01=17 
IOHIT=l 
Rf.TURN 

20 IBLOC=l 
IFRAM=O 
IOHIT=l 
ND1=4 
CALL HITFACIIFVHS,lfV,NDl,2,NHfl 
RETURN 

100 DU~=.S*OCOL-OOTERC~,RRSI 
ou~c=DOTER(N,USl) 
OUMA=DOTERIUN•USl) 
OU~B=OoTER(UE,usl> 
SMAX=UUM•SDRTll.-DUMC•DUMCI/DUMC 
Bl=DOTER(Uc,RRS> 
Al=DOTER<U~,RRS> 
XP:XCM+61 
YP=YCM•AI 
Ifc=2 
lOt-1IT=O 
CALL FJNOJTINDl,lfVHSI 
If(IOHJT.EQ.OI GD TO 10 
CALL HJTFACIIFVHS,lFV,NOl,2,NHf) 
RETURN 

10 C~LL MOnNCNDl,IACI 
CALL HJT~ACIIFVt-15,IFVtNDl,2,NHFl 
PE TURN 
ENf> 

100 
101 
102 
103 
104 
105 
106 
107 
10B 
109 
11 0 
111 
112 

PAG'E 2 

t:,j 
I 

l\:) 
-J 



""' 0 
-.] 

0 
c.., 
I ...... ...... 
I 

I:'-' 

SUBROUTINE PERT3 74/74 OPT=l F'TN 4.5~410 

s 

10 

15 

20 

25 

30 

35 

40 

45 

so 

55 

SUBROUTI~E PERT3CJFVHl 
COMM0N/JOKER/URPC3l,U51C3l,THSL,PH,THSR,THSU,COUNT,WAVL120l,ORAO 

COMMON /~ALL/ OC0L,SCDELTC3),XP,YP,PAX1,PAX2,0C3) 
COMMON /JEFF/ UMNS()l,RRS(3),NST0PS,A,B,C,SMAX,RFIELOtTH,ICMHt 

l IC5H,IFC,IHIT,JCSH2,NCOL,IHOUR,MIN,ELZ,T,TOISX,TOISY, 
2 OUMA,DUM9,0UMC,UMNNlC3),UMNN2C3),UMNC3l,IOHITtNLATt 
3 NLONG,ILONG,NLATC,RCO,NPACK,ENHM 

C0MM0N/TABLE/UHVC3l,UAXV(3l,UXV2C3),RSTC3l,WFV,NHF,XDftWD2,WFV2, 
l RHSC3l,DELX,OELY • WOtlFV,RRBC3),UAXVPC3ltUXV2PP(Jl, 
2 UTT (31 ,UNNP ( 31 ,UXV2P (31 
3 ,uMNPC31,UMNP?(31,F,ALEN,U8EDN(3l,IFOC,IDRIVE 

C0M'40N IC l•JDEX/ XPCOL, yPCOL ,COSA,COSB, SL OUM, wCELL, ICELL,JCELL• 
l XC5AV,YCSAV,XCM,YCM,lCELMtJCELM 

C014MON/TO£/CTAZT,STAZT,CTELT,1FOCUS,STELT,UTARGl3),DTARGC31 
DIMENSION UMNIPPC3l,FfC31,UX2IPPC3),RRTC31,RBC31 

C UHOZIJ)=Fl"'ST AXIS OF MURPHY BED 
C UBEDNC31=NORMAL ro BED FRAME 
C UAXVPCJl=UAXVCJI WITH FIRST EHROR ROTATION 
C UBEDNPC3!=UBEDNl31 WITH FIRST ERROR ROTATION 
C UM~PCJ)=UM~ WITH FIRST ERROR ROTATION 
C uxv2PP(3)=uXV2P(3) WITH SECOND ERROR ROTATION 
C UMNPPCJl=U~NPIJl WITH SECOND ERROR ROTATION 
C SGN=SIGN o, uxv2°UHOZ 
C RRSC31=S•Vf0 VALUE OF VECTOR FROM HELIOSTAT CENTER TO HIT POJNT 
C RHSC31=VALUE OF VECTOR FROM FACET CENTER TO HIT POINT 
C RRF 131 =VECTOR FROM FQA",E CENTER TO HIT POINT 111TH FACETS FLAT 
C UNNPPIJl=MI~ROR NOC!MAL AT HIT POINT WITH FACETS IN PLACE 
C UNNPCJl=Ml~ROR NORMAL AT HIT POINT WITH SLOPE ERROR 
C THIS ROUTl'JE Frnos THE ROTATIONS REOUIRED FOR TRACKING ERRORS, 
C FOCUSirlG,TOE IN, ANO SLOPE EF<RORS FOR THE MURPHY BED 
C HELIOS TAT 
C PH=UNIFORM OTO 360 
C TH5L= (NORMAL) SLOPE ERROR 
C PAX1,PAX2=TRACKING ERROMSINORMALI 

OIMENSIO'II lJ8EONPl31,UN"IPPl3),UTTPP13l,UT2PPC31,UHOZC31 
DIMENSION FMED<lOl,RFlllll 
IF CIUUMMY.GT.Ol GO TO 23 
IF l!fOC11S,EQ,o.OR.IFOCUS.GT.lOl GO TO 23 
lfOCPl=l,OCUS•l 
DLTRAO=IRFIELD-TDISY•RCOl/lFOCUS 
RFZ C 11 =RCO 
00 22 IFL=2,IFOCP1 
RfZIIFLl=RFZIIFL•ll+OLTRAO 

22 / FMFO C IFL-11 =SQRT I T"l•TH+ CRFZ C Ifll 00 2+RFZ C IFL-1 I ••21 /2o I 
C SET ,OCAL L£%TH EOUAL TO LONGEST PATH WHEN IFOCUS=l 

If CIFOClJS,EO, l I 
l F~EOlll=SDRTCT~•TH+I-TDISY•RFIELDl•C-TDISY•RFIELOll 

23 J0•JMMY=l2 
00 5 1=1,3 
UM'II (I) =UYN, (I) 

5 UH'lZCl)=!JHVC!I 
If c1oq1vE ,EQ. 2) CALL FORIVEIUHOZ,IFVHI 
CPl=COSCPAXl/57,31 
CP?=C05CPAX2/57,3l 
SP!=SINl~All/S7,ll 
SP2=SINl~AX2/57,31 
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~UBROUTI~E PERT] 74/74 OPT=i 

02H=OOTEP(UXV2,UHOZI 
OM~=DOTEo(UMN,UBEDNl 
DMH=DOTEQ(UMNtUHOZl 

C MA~E FIR~T ROTATIO~ (PAXll 
029=DOTER(UXV2,UBEDNl 
DO 10 I=!,3 
UBEDNPII>=CP1°UBEDNIIl•SPl*UAXV(I) 
UAXVP!ll:CDioUAXV(ll-SPl•UBEON!I) 
UMNP(l)=~MH 0 UHOZll)•DMB*UBEDNP(I) 
UXV2PIJl=D?H 0 U~OZ(l)+D2B•UBEDNP(l) 
UXV2PP<l>=CP2*UXV2P(Jl-U~NP(Il•SP2 

10 UMNPPlll=CP2*UMNP(ll+UXV2P!l)*SP2 
CALL CHECKRIUMN,UAXV,UXV2,fCDl 
IF<ICD.N•-oOl w~ITE<6,15) 

15 FOQMAT(lOX,13HUMN UAXV UXV2l 
CALL CHECKP<UBfON,UAXV,UHOZ,ICDI 
IF(ICD.N•.Ol WRITE(6,20l 

20 FORMAT(lOXol5HUHEDN UAXV UHOZI 
CALL CHECKQ(UBEDNP,UAXVP,UHOZ,ICDI 
IF<ICD.NE.Ol WRITE<6,25l 

25 FORMAT(lOX,17HUBEONP UAXVP UHOZI 
CALL CHECKR(UMNP,UXV2P,UAXVP,ICDI 
IF<ICD.NE•O> WKITE(6,JO) 

30 FORMAT!lOX,l6HUMNP UXV2P UAXVP) 
CALL CHECKQ(UBEONP,UAXVP,UHOZ,ICO) 
IF IICD.GT.0> W~ITE<6,351 

35 FORMAT(lOX,17HUBEDNP UAXVP UHOZI 
CALL CHECKR(UMNPP,UXV2PP,UAXVP,IC0) 
IF(ICD.Gr.o> WRITE(6,40l 

40 FORMAT(lOX,18HUMNP~ UXV2PP UAXVPI 
XF:ALEN•n.5-(IFVH-ll*XDF 
CALL TOEINIXF,CTHETO,STHETO,UHVI 
DO 300 I=l,3 
UMNIPP<I>=CTHETO•U~NPP(ll•STHETO•UXV2PPCI) 

300 ux2IPP(l)=STHETO*UMNPP(l)+CTHETO•UxV2PP(l) 
CALL CHECKQ(UMNIPP,UXlIPP,UAXVP,ICD> 
IF(lCD.GT.Ol WRITE16,800) 

800 FORMAT (]OX,21HUMNIPP, UX2IPP,UAXVP ) 
C CHECK UMN AN~ RHS FO~ PERPENDICULARITY 

UTEST=OOTER(UMN,RHS) 
IF IABS!UTESTI.GT.0.00011 WRITE (b,710> 

710 FOQMAT ()OX,26HU~N A~D RHS ARE NOT NORMAL> 
C ••• CALCULATE FACET NORMAL 
C ••• IFoCUS=O focus ALL FACETS INDIVIDUALLY 
C ••• IFoCUS=l Focus FACETS BY ZONES 

IF IIFOCus.Ea.o, GO TO 900 
IF IIFOCUS.GT.101 GO TO 950 
GRDIST:SQRT!XC~•XC~•YCM*YCM> 
IFLZ=INTl<GRDIST-RCOI/OLTRAD>•l 
FS=FMEO!tFLZ> 
GO TO g75 

900 CONTINUE 
DO 901 I=l,3 

901 FF(Il=DTARG!I)-XF•JHV(II 
FT=SORr<nOTERIFF,FF>l 
FS:SQRTIFT•FT+XF*XF) 
GO TO 975 
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SUBROUTINE PERT3 74/74 OPT=l FTN 4.S•4lOA 

11S 

120 

125 

130 

135 

140 

145 

950 FS=lOElO 
975 CONTINUE 

DO 1000 1=1•3 
1000 R8(Il=-RHS<I>•2.0•FS•UMNIPP(ll 

RBU=SURT(DOTERIRS,RBII 
00 1100 1=1,J 

1100 UNNPP(Il=RA(ll/RBU 
C ••• CALCULATE LOCAL FACET TANGENT 

DO 1200 t=l,3 
1200 RRT<ll:RYS(ll-DOTER<RHS,UNNPPl•UNNPPCI) 

RRTU=SQ~TIDOTER(RRT,RRT)I 
DO 1300 t=l,3 

1300 UTTPP(IJ=RRT(l)/RRTU 
C ••• CHECK UTTPP ANO UN~PP fOR NORMALACY 

fNO~M=~OTE~(UlTPP,UNNPPl 
If {ABS(FNORMl.GT.0.0001) WRITE (6,1400) 

1400 FORMAT 11ox,30HUTT~P AND UNNPP ARE NOT NORMAL) 
1500 CALL CROSS(UTTPP,UNNPP,UT2PPI 

CALL CH£CKR(UNNPP,UTTPP,UT2PPtlCDl 
Ir (ICO.GT.01 WRITE !b,1600) 

1600 FORMAT c1ox,19HUNN°P, UTTPP, UT2PP) 
C NOW PUT THE SLQPE ERROR THSL ONTO UNNPP TO YIELD UNNP 

CSTHSL=COS(THSL/57 • 31 
SNTHSL=SINITHSL/57.31 
CSPH=COS(PH/57.J) 
SNPH=SIN(PH/57.31 
DO 85 I= l, 3 

85 UNNf> I I I =11N~1PP ( I l •CSTHSL •SNTHSL• CUTTPP CI) •CSPH•UT2PP (II •SNPH> 
TEST= D0TER(UNNP,UNN~1-1.oo 
lf(ABS(TESTl.GT.0.0001) WRITEl&,901 

90 fORMAT(lOX,llHUNNP IS NOT,2X,13HA UNIT VECTOR> 
RETURN 
END 
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SUBROUTINE TOEIN 74/74 OPT=l 

SU~ROUTI~E TOEIN<XF,CTHETO,STHETO,UHVl 
REAL N 
C0MM0N/8A~A/STH,CT~,SEQ,OME,OMS,N(31,UE(31, 

FTN 4o5~410A 

l UN<3J,USC3>,UA(3l,UR(31,THETAtMON,IOAY,SMALR,CAPRtCEQ 
COMMON/TOE/CTAZT,STAZT,CTELT,IFOCUS,STELT,UTARG(31,DTARGC31 
Dl~ENSION FF(3),UFl3),URTl31,UMNTl31,U~NTl(3l,UHOZT13l,UFP(3)t 

• UHV(]),URTP(3),UMNF(31,UBEDNT(3ltUAXVTC31,UXV2T(3) 
C •• FOCUS T~E NORMAL 
C •• SET TOE-I~ VECTOR U~T 

DU 300 I=l,3 
URT<I>=<CTAZT*I-UN(Ill-STAZT*UE<lll•CTELT-STELT•N<Il 

300 UMNT I I I =t1T /\RG < t I -UQT (I I 
C •• SET MIRROR NORMAL A~D OUTER AXIS VECTOR FOR TOE-IN CALCULATIONS 

UMAG=SORTIDOTER(UMNT,UMNTII . 
DO 400 1=1,3 
UMNTICJl=U~NTIII/U~AG 

400 UHOZT(Jl:UHV(ll 
CALL TRIADSIN,UMNTI,UAXVT,UHV,UXVZT,UBEDNT,21 
DO 500 I=l,3 

500 FF(Il=DTARGIII-XF•UHV(Jl 
FMAG=SQRTCDOTERIFF,FFll 
DO 600 l:1,3 

600 UFCil=FFIII/FMAG 
C •• ROTATE UF AND URT l~TO THE UBEDN AND UHV PLANE 

CTX=DOTER (lJF ,UfH:DNT I 
sTx=DOTEQ(UF,UHOZT) 
CTXX=DOTER(URT,UBEDNTI 
STXX=OOTFRIURT,UHOZTI 
DO 700 I=l,3 
UFPCil=UREDNTIIl*CTX•UHOZT!Il•STX 

700 URTP I I l =11l3i::DNT I I l •CTXX•UHOZT I I I •STXX 
C •• FINO FACET NORMAL 

AMAG=SQRT!OOTER(UFP,UFP)l 
BMAG=SORT(OOTER!U~TP,URTP)l 
DO 800 I=l,3 

800 UMNFIIl=UFP!Il/AMAG-URTPCil/BMAG 
UMAG=SORT(OOTER(UM~F,UMNFII 
DO 900 1=1,3 

900 UMNFlll=lJMNF(II/UMAG 
CTHETO=OOTtRIUMNF,UMNTJ) 
STHETO=DoTERIUMNF,UXV2Tl 
RETURN 
END 

03121111 21.s1.16 
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suqROUTl~E FDRIVE(UHOZ,IFVH) 
RE~L N 
co~~ON/BABA/STH,CTH,SEQ,OME,OMS,N(Jl,UE(31, 

1 UN(3),U5(3>,UA(31,UR(31,THETA,MON,IOAY,SHALR,CAPR•CEQ 
C0~MON/J~KfR/URPl3),US1<31,TH5LtPH,THSR,THSUtCOUNT,WAVLC20J,ORAO 
COMMON /BALL/ OCOLtSC0ELT<J>,XP,YP,PAXl,PAX2,D(31 

COMMON /JEFF/ UMNS<3>,RRSC31tNSTOPS,A,B,C,SMAX,RflELD•TH,ICHH, 
l JCSH,IFC,IHIT,ICSH2,NCOL,l~OUR,MIN,ELZ,T,TDISX,TDISY, 
2 DUMA,DUM8,0U~C,U~NN1(3),UMNN2(31,UMN(3),10HIT•NLAT, 
3 NLONG,ILONG,NLATC,RCO,NPAC~,ENHM 

CO~MON/TABLE/UHV(3l,UAXVl31,UXV2131,RST(31,WFV,NHF,XOf,WD2,WFV2, 
1 RHSl3l,DELX,OELY,WOtlfV,RRB(3l,UAXVP131,UXVZPP(31, 
2 UTT(3),UNN?(3),UXV2P(3) 
3 ,UMNP(3ltlJMNPP131,F,ALEN,UBEDN(3l,IFOC,IORIVE 

COMMON /Cl~OEX/ XPCOLtYPCOL,COSA,COSB,SLDUMt~CELL•ICELLtJCELL• 
l xCsAV,YCSAV,XC~,YCM,ICELM,JCELM 

C THIS ROUTINE SETS UP THE TRIAL AT THE HIT FACET CENTER FOR 
C INOEPENDE~T FACET DRIVES, 

DIMENSION UH02<3>,XCCC3l,DUTFC3>•UTFC31,UTFPRC3>,URPRl31,UMNFC31 
DIMENSJO~ UMN0UMC3>,AI~P(31 
DO 101 1=1,3 

101 XCCIIl=IALfN/l.-lFLOAT(IFVH-ll>*XOF)*UHOZ(II 
CALL AJMDP(XCM,YC~,2,AIMP> 
00 102 J=l,3 

102 OUTFCJl=-XCC(JI-XC~•UECJI-YCM*UNCJl•(TH-CDCOL/2.0ll*NCJl•AIHPCJI 
AMAG=SQ~TCOOTER(OUTF,OUTFII 
00 103 K=l,3 

103 UTF(Kl=OUTFIKI/AMA5 
DO 106 L=l,3 
UTFPRILl=<nOTERCUBEONtUTFl>•UBEONILl•CDOTERCUHOZ,UTfll•UHOZCLI 

106 URPRILl=(OOTERIUBEON,URll*UBEDNCLl•COOTER(UHOZ,URll*~HOZCLI 
AMAGl=SQPT(OOlE~IUQPR,URPRI) 
AMAG2=5QQTIOOTERCUTFP~,UTFPRII 
00 107 M=l,3· 

107 UMNFIMl=-UPPR(M)/AMAG1•UTFPR(M)/AHAG2 
DO }09 1=1,3 
UMNUUMII1=-URIIl•UTFCII 

109 CONTINUE 
AMAG3=5Q~T(DOTE~(UMNDU~,UHNOUMII 
DO 111 I=l,3 
UMNDUM(l>=UMNDUMIII/AHAGJ 

111 CONTINUE 
AMAG=SQRTIOOTERCUMNF,UMNF)) 
DO 10d I=l,3 

108 UMNIIl=U~NFIII/AMA5 
CALL CROSSIUAXV,UMN,UXV21 
RETURN 
ENO 
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SUBROUTINE fINOIT 74/74 OPT=l rtN 4o5~4lOA 

SUBROUT1•1E FINO! Tl '401 olfVHS) Coo 'T1-f1S ROUTl'JE FINOS T'1E LIST OF MIRRORS WHICli A RAY FROM THE SUN C COULD POSSIBLY HAVE HIT. IT ALSO FINDS THE LIST Of MIRRORS WHICH CA RFFLECTEO RAY COULD ~osSIBLY HIT. FROM IT RINDX, INHIT• ANO C OfFRLOC ARE CALLED. 

C 

REAL N 
COMMON/BABA/STHoCT~,SEQ,OME,OMS,NIJ),UEIJl, l UN(31 ,llS(ll ,UA()) ,UR(3) ,THETA,MON,IDAY,SMALR,CAPR,CEQ COMMON/TABLE/UHVl31,UAXVl31,UXV2131,RST!31,WFV,NHF,XDf,W02,WfY2, I RH~IJl,DELX,OELY,WO,IfV,RRB<J>,UAXVP!Jl,UXV2PP!JI, 2 UTTC3J,UNNPl31,UXV2Pl3) 3 ,1JMNP(J1 ,lJMNPPIJI ,f,ALEN,URED~IJI ,IFOC,IDRIVE COMMON /JEff/ UMN513),RRSCJ),NSTOPS,A•9•C•SMAX,RFIELOtTH,ICMH• I YCSH,IFC•l~IT,ICSH2,NCOL,IHOUR,MIN,ELl,T,TOISX,TOISY, 2 DUMA,DUM8,0U~C,U~NN1131,UMNN2131,UMNl31,l0HIT,NLAT, 3 NLONG•ILONG,NLATC,RCO,NPAC(,ENHM COMMON /BALL/ OCOL,SCDELTC31,XP,YP,PAXI,PAX2,0l31 

COMMON /CINOEXt XPCOL,YPCOL,COSA,COSB,SLDUM,WCELL,ICELL,JCELL• 1 XC~AV,YCSAV,XCM,YCM,ICELM,JCELM 
COMMON/STR'.!CT /GAP, WLONG, WS IOE • WTRI, XL TRI, Bl, B2, • WCROSS,WOUM,lFkAM•HTMIR,HTCRUS,WJCROS COMMON/B~DTST/AL8LOC,ICOD,UHV2131,UAXV2131 DIMENSION VSIIJl,VS21Jl,VS3131,VS4(Jl,VSSl3l,VS613)tVS7(31 DIMENSI0'4 XSAV(201,YSAVl201,ICELSl20>,JCELSl20),UHV513) DIMENS10'4 YDUM(Jl,KOUMIJI 

C ICMH=l If MIRROR WAS HIT C ICMH=O If NO MIRROR WAS HIT C IcSH= NIJMnER Of MIRRORS 
C HIT AFTER FIRST HIT. IF 
C NUMBER Of SHADOWS 
C U~NS UNIT NORMAL OF THE 
C FIRST MIRROR HIT 
C RRS VECTnR·FROM ~IRROR 
C CENTER TO HIT POI'4T ON 
C MI~ROR• NONE UNIT 
C IIIH,JJ~I INDEXS OF HIT MIRROR 
C 
C CHECK ENO POINlS OF S 
C START POINT FIRST 

If!IFC.LT.2> GO TO 1974 
XPCOL=XP 
YPCOL=YP 
XSSS=XCM 
YSsS=YCM 
GO TO 8975 

1974 XPCOL=XP 
YPCOL=YP 
COSA=O. 
C05fl=O, 
SLflUM=O. 
CALL RlN')X 
XSAVCll=XCSAV 
YSAVlll=YCSAV 
ICELS<ll=ICELL 
.JCFLS I I I :JCELL 

0J/21111 21.s1.1~ 

FINO IT 
FJNDIT 
f JND IT 
fJNDJT 
f'INDIT 
fJNDIT 
F INOIT 
fJNDIT 
FTNDIT 
FJNOIT 
fTNOJT 
FJNDJT 
Fi NOi T 
FTIIIDJT 
FJNDJT 
flNDIT 
F lfllDIT 
F JND IT 
FJIIIDIT 
FTIIIDIT 
F1NDIT 
FJNOIT 
FiNDIT 
F 1NDIT 
FyNDJT 
fJNDIT 
Ft ND IT 
FINDIT 
fJIIIDIT 
fINDIT 
FtNDJT 
f tfllDJT 
F1NDIT 
fINDIT 
F1NDIT 
FJNDIT 
fifllDIT 
f 1NDIT 
fJNDIT 
FtNDIT 
F JfllO JT 
FtNDIT 
fJNDIT 
Fi ND IT 
Fi ND IT 
F JNDIT 
F JNDJT 
F!fllDIT 
ft ND IT 
FIND IT 
f TNOIT 
F JND TT 
FINOIT 
F TND TT 
FT NOTT 
F TND IT 
F INDIT 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
I 8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3S 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4S 
46 
47 
48 
49 
50 
51 
52 
SJ 
54 
55 
56 
57 
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60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

XSSS=XCSAV 
YSSS=YCSAV 

B975 lCONT=l 
C SECOND END POINT 

CO<;,'=DUMA 
COSB=DU"1~ 
SLDUM=SMAX 
CALL RtNDX 
XSAVl21=XCSAV 
Y~AVl21=VCSAV 
1CELSl21:ICELL 
JCELSl21=JCELL 

C MAKE TEST~ 
TESTl=AB51XSAV12l-XSSSl 
TEST2=ABSIYSAVl21-YSS5l 
lf(TESTl.GT.0•0011 GO TO 40 
IF(TESJ2.GTo0oOOll GO TO 40 
lF(IFC.En.11 GO To 50 
JCl11JT=0 
RETURN 

C AT THIS POINT STAQT AND ENO ARE 
C THE SAME MIRROR CALL INHIT 
C END POINT ANO STAQT POINT 
C DIFFER ~y HORE THAN ONE TEST 
C I~I BETWEElli 

40 NSTO=NSTOPS-1 
DN,..=FLOATINSTOJ 
DO '-S K=l•'IISTD 
SLOUM=SMAXOFLOAT(Kl/ON~ 
CALL RINOX 
TESTl=ABSIXSSS-XCSAVl 
TEST2=ABSIVSSS-YCSAVI 
IF tTESTl .LT. 0.001 .AND. TEST2 aLT. 0.0011 GO TO 45 
xsss=XCSIIV 
YS~S=YCSIIV 
ICONT=ICnNT•l 
XSAV(ICO'IITl=XCSAV 
YSAVIICO'IITJ~YCSAV 
ICELSIICONTl=ICELL 
JCELSIICONTl=JCELL 

45 CONTINUE 
IF(IFC.Eo.21 Go To 2001 

C ALL POSSlijLE HITS HAVE BEEN FOUND 
C NOW CALL H1HIT TO TEST 

50 ICSH=O 
IFRAM=O 
ICSH2=0 
ICMH=O 
00 100 l=l•ICONT 
XC=XSAVIII 
YC=YSAVltl 
DMNH=SQRTIXC•XC•YC•YCI 
DO 5 Kl=h3 

5 UHV(Kl)=(YC•uECKll-xC•uNCKIII/OHNtf 
ISCEL=ICF.LS(Il 
JSCEL=JC!LS I IJ 
IF IXCSAV .GT. C9.•THll GO TO 100 

03/21177 21051.16 

FJNOIT 
FJNDJT 
FJNDJT 
FtNDIT 
FtNDIT 
FINO IT 
FJNDIT 
Ft ND IT 
FtNDIT 
FtNDIT 
FINDIT 
FtNOIT 
FJNDIT 
Fil'lDlT 
FINDIT 
fINDIT 
fINOIT 
fINDIT 
FINDIT 
f'JNDIT 
f'INOIT 
FINDIT 
FJNDIT 
FtNOIT 
fINDIT 
FJNOIT 
FINDIT 
f'ffl&IT 
FT1'1DIT 
FJNOIT 
FJNOJT 
FINOIT 
FJNOIT 
FINDIT 
FJNDIT 
f'INOIT 
FtNDIT 
FtftDIT 
FJNOIT 
f'JNOIT 
FtNDIT 
FJNOIT 
FJNDIT 
FJNOIT 
FJNOIT 
FINO IT 
FJNOIT 
FJNDJT 
FJNOIT 
FJNOJT 
FINDIT 
Ft ND IT 
FINDJT 
FJNDIT 
FJNOH 
FJNOIT 
FJNOIT 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
11 
78 
79 
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 
105 
106 
101 
108 
109 
110 
111 
112 
113 
114 
11,; 
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115 

120 

125 

130 

135 

140 

145 

150' 

155 

160 

165 

170 

CALL INHIT IXC-,YC, IF"VH• ISHAD,ALMINI 
IFIIHIT.~Q.O) G~ TO 100 
IFIICMH • EO.l.OR.IFQAllloGT.01 GO TO 70 

C FOUND FIR~T HIT 
ND1=3 
IC111H=l 
ICELM=ISCEL 
JCELM=JSCEL 
XCM=XC 
YC"l=YC 
RHIT=SQRrlxC•XC•YC•yC) 
JFVHS=JFVH 
ICSH=ICSH•ISHAD 
DO 60 J=lt3 
RHSIJ):Ri:iB(JI 
UHVSIJl=UHVIJI 
UMNS (JI =uMrHJI 

60 RRSIJl=R~SIJl•IALE~/2 • -<FLOATCIFVH-lll*XOFl*UHVCJI 
M=J -
DO 103 JK=l•M 
XC:XSAVIJKI 
YC=YSAVCJKI 
XS=XP 
YS=YP 
CALL MIR~NIXC,YCI 
DO 107 J~=l ,3 

107 UHVIJBl=IYC*UEIJ~I-XC*UNCJB)I/SQRTCXC*XC•YC*YCI 
CALL TRIA0SCN,UMN,~AXV,UHY,UXY2,UBEDNI -
DO 113 J:i=l,3 
VSl (Jtll=1xc-xs1•UECJBI • (YC-YSl*UN(JBI - OCOL•0.5•NCJBI 

o - HTMIR•U~EDNIJBI 
VS21JBl=vSllJBl•WOUM•0AXVIJBI-WSIDE•0.5•UBEDNCJBI 
V53CJBl=VSJCJBI-WDUM*UAXVCJBI-WSIDE•0 • 5*UBEDNCJBI 
V54(JBl=v511JBI - ~TC~OS•0.5°U9EDNCJBI 
VS51JBl=VS41JBI - XOF 0 UHVIJ81 
VS61JBl=VS4IJBI • XDF*UHV(JP,) 
VS7(JB)=VSIIJB) - • TC~os•u~EDN(JBI 

113 CONTINUE 
ICOD=l 
JKO=JK 
MOUM=M 
CALL FRA114EIVS1,VS2,VS3,VS4,VS5,VS6,VS7,ALFRAM,JKD,MDUM,ALMINI 
IF(ALFRAlll • GT.ALMINI IFRAlll=O 
JFCIFRAM.EO • OI GO TO 103 
ND1=15 
IC.,H=O 
JFCJFRAM 0 GT,ll ND1=16 
GO TO ton 

103 CONT Jr~UE 
GO TO 100 

C SECOND ~NO SUCCEEDING HITS 
70 ICSH=ICSH•!SHAO•l 

RSrlAD=SQ'1TIXC 0 XC•YC•YC) 
IF IA~Sl~SHAD-RHITI.GT.10 • 1 ICSH2=ICSH2•ISHAO•l 

100 C0•1TINUE 
DO 6 I=l,3 

6 UHVlll=U~V5111 

03/?l/77 21,51,16 

FIND IT 
FIND IT 
FJNDIT 
FJNDIT 
FIND IT 
FINDJT 
FIND IT 
FtND1T 
FJNOJT 
FtND]T 
FJNOIT 
FIND IT 
FIND IT 
F tNDIT 
FJNDIT 
FtNDit 
F INDJT 
f'JNDIT 
FIND IT 
Ft ND IT 
FJNOJT 
FJNOIT 
Ft ND IT 
FtNDJT 
F tNDIT 
FtNDIT 
F JNOIT 
FJNOIT 
FJNOIT 
FJNDIT 
FTNDIT 
FJNDIT 
FtNDIT 
FJNDIT 
F rNDIT 
f'JNDIT 
FtNDJT 
FtNDIT 
FJNDtT 
FJNDIT 
FJNDIT 
Ft ND IT 
F tNO IT 
f'TNDIT 
FtNDIT 
FJNDJT 
F yNDTT 
FJNOIT 
f'JNDtT 
Ff ND IT 
f'JNDIT 
f'JNOIT 
FfND!T 
FtNDIT 
Ft NO IT 
FIND IT 
FtNDIT 

116 
117 
11!1 
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 
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149 
150 
151 
152 
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157 
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168 
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171 
172 
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RETURN FJNDIT 173 
2001 00 1973 ~L=Z•ICONT FJNOIT 17'+ 

XC=XSAVl'<LI f'INDIT 175 
175 YC=YSAV('<LI FJNDIT 176 

CALL OFFqLOC(XCM.YCM.xc.vc.1BLoc.IFVHS) FIND IT 177 
ICOD=4 FJNDIT 178 
DO 1971 I=l •3 FIND IT 179 
YDU~CI>=fXC-XCM>•UECI>•CYC-YCM>•UNCI> FJNDIT 180 ' 

180 XDUMCil=(ALEN/2.-FLOATCIFVHS•l)•XDF>•UHVCI) FINDIT 181 
VSl<Il=-qH5(I)-XOU~<I>•YOU~Cl)-HTMIR•UBEONCit FJNDIT 182 
VS2CI>=VSl(l)•WOUM•UAXVZ<I>-WSIOE•o.s•ueEDNCI) FJNDIT 183 
VS3<I>=VS1CI>-WDU~•UAXVZCI>-WSIDE~O.S*UBEDN<I> FJNDIT 184 
VS41Il=V51<1>-~TCROS•O.S•UBEDNCII FIND IT 195 

tD 
.i:,.. 195 VSSCI>=VS~(I) • XOF•UHV2CI> FJNDIT 186 
0 VS6CI>=V5~CI> • XDF•UHVZII> FIND IT 187 I 

c.:, 
...J -1971 VS7CI>=V51CIJ - HTCROS•UBEDNCIJ FJNDIT 188 m 
0 
c., CALL FRA~E(VS1.vs2,vsJ.VS4.VSS,VS6,VS7,ALFRAM,JK•M•ALBL0C) FJNOIT 189 
I IFCIFRAM 0 Eo.O.ANO.IBLOC.EQ.OJ GO TO 1973 fINOIT 190 - 190 IfllFRAM.EO • OoAND.lBLOC.EOoll GO TO 7000 f"INOIT 191 -I IFIIFR4"1.EO.l.AND.IBLOC.EO.O> GO TO 7010 FJNOIT 192 
N lFIALBLOCoLE.ALFRA~> ~OTO 7000 FJNOIT 193 

7010 lBLOC=o FJNDIT 194 
IFRAM=4 FJNDJT 195 

195 ND1=18 FINDJT 196 
IOHIT=l FJNDJT 197 
RETURN Ft ND IT 198 

7000 I8LOC=l FJNDJT 199 
JFQAM=O fINDJT zoo 

zoo ICl-!JT=l FyNDIT 201 
Nl>l=S FIND IT 202 
GO TO 1976 FJNDIT 203 

1973 COI\ITINuE FJNDIT 204 
1976 RETURN FJNDIT · 205 

2.05 ENO FIND IT 206 



SUBROUTINE TRIADS 74/74 OPT=l FTN 4.5.,tlQA QJ/21/77 21.·Si_.,1.6 .PI\GE ,l 

1 SUBROUTI~E TRIAOS<~,UMN,UAXV,UHV,UXV2,UBEON) TRIADS 2 
C THIS ROUTINE oUILOS THE TWO fl:)IAOS 3 
C TURNTABLE BASES (N,UHV,UAXV> TRIADS 4 
C ANO (UM~,UAXV,UXV2) FROM N TRIADS 5 

5 C AND U'14N. TRIADS 6 
C J.M. YAMMER OCTOBER 23,1974 TRIADS 7 

REAL NC31 TRIADS 8 
DIM.ENSIO~ UMNIJJ,UAXV(Jl,UHVIJ>,UXV2(3) TRIADS 9 
DIMENSIO~ UBEDNll) TRIADS 10 

10 C THf Two TRIADS FOR A ~URPYY BED ARE BUILT FROM UMN AND UHV TRIAns 11 ~ CALL CPOSSIUMN,UHV,UAXV) TRIADS 12 0 
AMAG=DOTER!UAXV,uAXV) TRIADS 13 tJ:j -::i 

0 AMAG=SORT(AMAG) TRIADS 14 I 
c., DO 120 I=l,J TQJAl')S 15 

t., 
I -::i .... 15 120 UAXVIIl=UAXVIIJ/AMAG TRIADS 16 .... CALL CROSSIUAXV,UM~,UXV2) TRIADS 17 I 

"" CALL CROSSIUAXV,UHV,UBEON) TRlAOS 1 '3 
C FJX SIGN Of' REON TRIADS 19 

DB~=DOJEPIUMN,UBED~> TRIAOS 20 
20 SGN=DB~/ABSIOB~> TRIADS 21 

DO 130 I:1,3 TRIADS 22 
130 UB~DNII>=Sr,N°USEDNII) TPIAOS 23 

RETURN TRIADS 24 
END TRIADS 25 
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50 

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 

SUBROUTINE INHITIXC,YC,IFVH,ISHAD,ALMINI 
THIS SUBROUTINE FINDS THE 
HIT POl"IT, IF ANY, ON LOW 
PROFILE HELIOSTAT IIT,JTI 
ANO W~ICH FACIT 
J.M. HAMMER SEPT. 23, 1974 

REAL N 
DIMENSION RRIF(31,VC(JI 
COMMON/TABLE/UHVIJl,UAXV(31,UXV2(31,RSTl3ltWFV,NHF',XOftWD2,WFV2, 

l RHSl31,0ELX,DELYoWO,IFV,RRB(3),UAXVPC31,UXV2PPljl, 
2 UTTl31,UNNPl31,UXV2Pl31 
3 ,UMNPC3ltUMNPP131,F,ALEl\l,UBEONl31,IFOC,IDRIVE 

COMMON/RABA/STH,CT • ,SEQ,OME,OMS,Nl31,UEl31t 
l UN13),USl31,UAl31•URl31,THETA•MONtlOAY,SMALR,CAPRtCE0 

COMMON /JEFF/ UMNSl31tRRSl31,NSTOPS,A,B,C,SMAX,RFIELDtTH,ICMMt 
l JCSH,IFC,I • IT,]CSH2,NCOL•IHOUR,MIN,ELZ,T,TDISX,TOISY, 
2 DU~A,DUMa,DUMC,UMNNllll,UMNN2(31,UMNl31,IOHIT•NLAT, 
J I\ILDNG,ILONG,NLATC,RCO,NPACK,ENH~ 

C0MMON/JOKFR/URPl31,USll31,THSL,PH,THSRtTHSU,COUNT,WAVL(201,0RAO 
COMMON /STATSITPS,TSBtPHB,TPV,PHVtAVE,TSV,PAXlV,PAXlB•PAX2V,PAX28 
COMMON /BALL/ OCOL,SCDELTl31,XP,YP,PAX1,PAX2,0IJI 

UMNl31 UNIT MIRROR NORMAL 
PROVIDED BY CALLING ROUTINE 
IN,UA~V,UHVI TRIAD IN TURNTABLE 
UAXVl31 fACIT ROTATION AXIS 
UHVl31 HORIZONTAL IN TURNTABLE 
IUMN,UAXV,UXV21 TRIAD IN FACIT FACE 
UXV213) VECTOR PERP. TO UAXV IN FACIT PLANE 
IIT,JTI INOEX OF TURNTABLE TO BE TESTED 
IXS,YSI CORDS OF RAY START POINT ON TEST PLANE 
URIJI INCOMING RAY DIRECTION 
IHIT HIT CODE, l IF HIT, 0 IS NO HIT 
IFVH THE INDEX OF HIT FACJT 
ALEN LENGTH OF TURNTABLE 
WO WIDTH OF T~RNTABLE ANO 
LENGT~ OF FACITS 
WFV WJOTH OF FACITS 
NHF NUMBER OF FACITS 
XOF SPACING BETWEEN FACIT CENTERS 
RHS(31 VECTOR FROM FACIT CENTER 
OUT TO HIT POINT ON FACIT 
ISHAO NUMBER OF SHADOWS CAST 
RAYL PAY LENGTH 
DELX EAST WEST ROW SPACING 
DELY NORTH SOUTH ROW SPACING 
RSTl31 VECTOR FROM ORIGIN TO RAY HIT 
IXL,YLtZLI START POINT OF REFLECTED RAY 
BUILD BOTH TRIADS 

CALL MIR~NlXCtYCI 
CALL TRIAO~IN•UMN,JAXV,UHVtUXV2,UBEONI 
ONML=DOTF.RIUR•UMNI 
IH!T=O 
IHTS=O 
IfVH=O 
XS=XP 
YS=YP 

o3izii11 21 .5i.. 16 

INHIT 
INHIT 
II\IHIT 
INHIT 
INHIT 
l"IHIT 
INHIT 
INHIT 
JIIIHIT 
INHIT 
JNHIT 
I'IHIT 
INHIT 
JI\IHIT 
HJHIT 
INHIT 
I"IHIT 
I•JHIT 
JI\IHIT 
INHIT 
INHIT 
INHIT 
IIIIHIT 
INHIT 
lNHIT 
IIIIHIT 
INHIT 
INHIT 
INHIT 
INHIT 
INHIT 
INHIT 
INHIT 
lNHIT 
l"IHIT 
INHIT 
INHIT 
JNHIT 
WHJ.T 
J\IIHIT 
JNHJT 
INHIT 
1111111T 
INHIT 
INHIT 
JIIIHIT 
INHIT 
IMHIT 
I"IHIT 
INHIT 
l'lHIT 
INHIT 
I•lHIT 
INHIT 
IIIIHIT 
JNHIT 
INHIT 
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13 
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28 
29 
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31 
32 
33 
34 
35 
36 
37 
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AUHN=lO.E•lO I"JHIT 59 C SET UP DO LOOP OVER FACITS INHIT 60 60 DO 500 IF"V=loNHF Ir,1HIT 61 no 30 I=l•l l"JHI T 62 VC(I)=(xc;-xc,•uEII)+(YS-YC>•UN(I)-UHV(I)•(ALEN/2.- l'JHIT 63 1 IFLOAT!IFV-l))•XDF>•DCOL*N(l)/2.0 INHIT 64 C ERPOR FOUND IN SIGN OF VC(I) 8112/75 CHANGE SIGN INHIT 65 65 30 vc I I> =-vc < r > J:JH IT 66 ALN=DOTEQ!UMN,VC)/DN~L 
INHI T 67 00 40 I= l • 3 INHIT 61'1 40 RR[F!l>=AL"J*URIJ)-VC!I> 
INHIT 69 XVF=DOTEPIUAXV,R~IF) 
INHIT 70 70 YVF=DOTf.q lllXVi' • RQ IF" l INHIT 71 .i:::,. IF(ABS1xvF1.GT.wo2.oR.ABS(YVF).GT.WFVZI GO TO 500 lNHIT 72 

to 
0 C THIS FACIT WAS • IT. RECORD HIT INHIT 73 I 
-J 

IHIT=l II\JHI T 74 c:., 
0 
c., IHTS=IHTc:;+1 

INHIT 75 co I 75 IFIALN.GT.ALMIN> GO TO 500 INHIT 76 
,_, ,_, 

AL~IN=ALN 
INHIT 77 

I 
I\:> RAYL=ALN 

INHIT 78 DO 65 I=I,3 
l"JHI T 79 65 RRA II l = I.RJF(I) II\JHIT BO 80 IFVH=IFV 
INHIT 81 500 CONTINUE 
INHIT 82 IFV=NHF 
!IJHIT 83 ISHAD=IHTS-1 
INHIT 84 IJO 80 I=I,3 
l"JHI T 85 85 80 RST ! I I =XC*UE I I l •YC*UfllCI> +WFVZ*N! I> •UHVCI>*<ALEN/2.- J:JH IT 86 1 IFLOATITFV-ll)•XDF>+RHS(J) INHIT 87 XL=OOTER!RST,Ufl 
INHIT 88 YL=OOTcRIRST,UNl 
INHIT 89 ZL=OOTER!RST,N) 
I i>,JHJ T 90 90 RETURN 
l!JHIT 91 ENO 
INHIT 92 
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SUBROUTINE ONBLOCK 74/74 OPT=l F'TN 4.,5•4tOA 

C 
C 
C 
C 
C 
C 

C 

SU~ROUTI'IIE ONBLOCK(IBLOC,IF'VH,ALBLOC) 
COMMON/TABLE/UHVl3l,UAXV(31,UXV2(Jl,RST(3l,WF'V,NHF',XOf,W02,WF'V2, 

1 RH~(31,DELX,OELY,WO,IFV,RRBi31,UAXVP(31,UXV2PP(J), 
2 UTT(3l,UNNP(31,UXV2P(31 
J •UMNP(31,UMNPP(31,F,ALE'll,UBEDN(31,IFOC,IORIVE 
COMMON/B~BA/STH,CTH,SE~•OME,OMS,N(31,UE(31, 

1 UN(3l ,iJS(3l ,UA 131 ,URl31,THETA,MON,IDAY,SMALR,CAPR,CEQ 
COMMON /JErF/ UMNS<31,qR5(3l,NSTOPS,A,B,C,SHAX,RFIELD•TH,ICHHt 

l TCSH,IFC•l~IT,ICSH2,NCOL,IHOU~•MIN,ELZ,T,TDISX,TDISY, 
2 l)UMA,Dt1Ma,01JMC,UMNNl (3) ,UM'IIN2131 ,UMN(3) •101-tlT•NLU, 
3 NLONG•lLONG,NLATC,RCOtNPACK,ENHM 

COMMON /~ALL/ DCOL,SCDELT(31,XP,YP,PAX1,PAX2,D(3) 

COMMON/JOKER/UPP(31,US1(31,THSL,PH,THSR,THSU,COUNT,WAVL(20l,ORAO 
COMMON /STATS/TPd,TSB,PHB,TPV,PHV,AVE,TSV,PAXlV,PAX18•PAX2V,PAX28 

THIS QOIITINE fI"IOS tf USl IS 
BLOCKED ON THE TU~NTABLE IT STARTS 
FROM J.M. HAMME~ SEPT,26,1974 

IBLOC BLOCKAGE CODE O IS NOT BLOCKED 
1 RAY WAS BLOCKED 

REAL N 
DIMENSION XC(31,XCQ(31 
ALHLOC=lO,E•lO 
IBLOC=o 
00 200 IF"V=l ,-NHF 
If(IFV,EQ,IfVH) GO TO 200 
00 20 I=l,3 
XC(Il=UHVIIl•XOF•(FLOAT(IFVH-IFVll 

20 XCq(Jl=XC(Il-RHS(ll 
SIOE=OOTfR(UMN,XCl 
If<SIDE,LT.o.o, GO TO 200 
AL=OOTER<Xr.R,UMNl/OOTER(USl,UMN) 
00 30 1=1,3 

30 RR~IIl=AL•USl(Il-XCR!Il 
XVF=OOTE~(qRB,UAXVl 
YVF=DOTE~(qR8,UXV21 
If(ABS(XVF1.GT.wo2.0R.ABS(YVF),GT • WFV2) GO TO 200 

THIS FASIT ~LOCKED THE RAY 
IBLOC=l 
ALBLOC=AL 
GO TO 2sn 

200 CONTINUE 
IfV=NHF 

250 RETURN. 
ENO 

0J121111 21.st.16 

OIIIBLOCK 
ONBLOCK 
ONBLOCK 
OIIIBLOCK 
ONBLOCK 
ONBLOCK 
Ol'IIBLOCK 
ONBLOCK 
ONBLOCK 
ONBLOCK 
O"IBLOCK 
ONBLOCK 
Ol'IIBLOCK 
0"-IBLOCK 
OIIIBLOCK 
O"'ltlLOCK 
ONIROCK 
O"'IBLOCK 
O"'IBLOCK 
Ol'IIBLOCK 
O"JBLOCK 
ONBLOCK 
O"JBLOCK 
Ol\lt:ILOCK 
ONBLOCK 
Ol'IIBLOCK 
ONBLOCK 
ONBLOCK 
Ol'IIBLOCK 
ONBLnCK 
ONBLOCK 
ONBLOCK 
ONBLOCK 
Ol'IIBLOCK 
ONBLOCK 
Ol'IIBLOCK 
ONBLOCK 
ONBLOCK 
ONBLOCK 
OI\IBLOCK 
ONBLOCK 
ONBUJCK 
ONBLOCK 
ONBLOCK 
0"-IBLOCK 
ONBLOCK 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

SU~ROUTI~E Of'f'9LOC <XCM,YCM,XC,YC,IBLOC,If'Vll 
COMMON/BEOTST/AL8LOC,ICOO,UHV2!31,UAXV2(3l 
COMMON/T~BLE/UHVl31,UAXV(31,UXV2131,RST!31,Wf'V,NHF',XOF,W02,Wf'V2, 

l RH,<3l•DELX,DELY,WOtIF'V,RPBl31,UAXVP!31,UXV2PP(3J, 
2 UTT13l,UNN?(31,UXV2P(31 
3 ,uMNP!3),llMNPP131,f,ALEN,UBEON(31,IfOC,IORIVE 

COMMON/BABA/STH,CT~,SEO,OME,OMS,N(31,UE(31, 
l UN!31,US!31,UA(31•UR(31,THETAtMON,IOAY,SMALR,CAPRtCEO 

COMMON /JEFF'/ UMNSl3),RRSl3l,NSTOPS,A,B,C,SMAX,RfIELO•TH,ICHHt 
l JC~H,1FC,J~IT,JCSH2,NCOL•IHOUR,MJN,ELZ,T,TOISX,TOISY, 
2 OU~A,0UMa,ouMC,U~NN1(3),UMNN2(31,UMN(3)tlOHIT•NLAT, 
3 NL0NG,1LONG,NLATC,RCO,NPACK,ENHM 

COMMON/JQKF.R/UQP(31,US1131,THSL,PH,THSR,THSU,COUNT,WAVL(201,0RAD 
COMMON /STATS/TP8,TS9,PnB,TPV,PHV,AVE,TSV,PAXlV,PAXlB•PAX2V,PAX28 
COMMON /9ALL/ OCOL,SCDELTl31,XP,YP,PAX1,PAX2,0(31 

THIS ROUTINE f'INOS If A RAY 
FROM TURNTABLE !Il,Jll IS BLOCKED 
BY A FACJT Of (I2,J21 
J 0 M0 HA~MER SEPT. 26,1974 
If'Vl FACIT ON TUR'-ITABLE IIl,Jll 
f'ROM WHENCE THE RAY CAME 

IBLOC BLOCKAGE CODE. 0 NO BLOCK, 
1 RAY IS RLOCKEO 

REAL N 
DIMENSION VCl31,VC~H(31,UXV22(31,UMN2(31 
CALL MIRRNIXC•YCI 
ALBLOC=lO.E•lO 
OMttH=SORTIXC•XC•YC•YCI 
DO 1 J=lo3 

7 UHV21Il=(YC•UE(II-XC•UNIIII/DMNH 
CALL TRIA051N,UMN,UAXV2,UHV2,UXV22,U8EONI 
00 10 J=t,3 

10 UMN2(Il=UMNIII 
IBLOC=O 
00 200 IFV=l,NHF' 
DO 20 I=t,3 
VC I I I =llf. <II• I XC-XCMI •UN I I I* IYC-YCMI • IALEN,/2.0-Cf'LOAT CIF'V-111 

l •xOF'l•U~V2!Il-(ALEN/2oO-Cf'LOAT(If'Vl-lll*XDF'l*UHVCII 
20 VCRH!Il=VC(I)-RHS(II 

AL=DOTER<VCRH,UMN21/DOTERIUS1,UMN21 
DO 30 I=l•3 

30 RRIH II =AL •us1 < 11-VCR'i <II 
XVF=DOTER(RRB,UAXV21 
YVF'=OOTERIRRB,UXV221 
If'<ARS!XVfloGT.wD2oOR.ABSCYVF'I.GToWF'V21 GO TO 200 

THI~ FACIT BLOCKED USl 
IBLOC=l 
ALFILOC=AL 
GO TO 250 

200 C0111TINllE 
IFv=NHf 

250 RETURN 
ENO 

Oj/21111 ii,st,lb 

Of'f'RLOC 
OFF'BLOC 
OFF'BLOC 
OFF'RLOC 
OFF'BLOC 
OFF'BLOC 
OFF'BLOC 
OFF'BLOC 
OFFBLOC 
OFF'BLOC 
OFF'BLOC 
OffBLOC 
OffRLOC 
OFF'BLOC 
OFF'BLOC 
OFF'BLOC 
OffBLOC 
Off'BLOC 
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OFF'BLOC 
OFF BLOC 
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OFF'BLOC 
Off8LOC 
OFF'BLOC 
OFF'BLOC 
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OFFBLOC 
OFF'BLOC 
OFF BLOC 
O~fBLOC 
Off'BLOC 
OFFE!LOC 
OFF'BLOC 
OFFBLOC 
OffBLOC 
,OfFBLOC 
OFF'BLOC 
OFFRLOC 
OFF BLOC 
OFF'BLOC 
OFF'BLOC 
OFF'BLOC 
Off'BLOC 
OFF BLOC 
OFF'BLOC 
Off'BLOC 
OFF'BLOC 
OFF'BLOC 
OF'FRLOC 
Off'BLOC 
OFFBLOC 
OFFBLOC 
OFF'BLOC 
OFF'BLOf: 

?. 
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B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
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1 SUBROUTINE HIRRN<XC.YC> HIRRN 2 
~EAL N HJRRN 3 
COMMON/TABLE/UHV(3),UAXV(3),UXV2(3)tRSTCJ>•WF'V,NHF',XOf,W02,WF'V2, HJRRN 4 

l RHSC31•DELX,DELY,WD,IF'V,RRB(31tUAXVP(J>,UXV2PP(3)t HJRRN 5 
5 2 UTT(3>,UNNP(J),UXV2P(3) . HJRRN 6 

3 tUHNP ( 3 >, IJMNPP C 3 I, F, ALEN,UBEDN ( J> , IF'OC, IDRIVE HJRRN 1 
COMMON/RABA/STH,CT~oSEQ,OME,OMS,N(31,UF.(31, HJRRN 8 

l UN(31tUS(31,UA<3>,UR<3>,THETAtMON•IDAY,SHALR,CAPR,CEQ HtRRN 9 
COMMON /JEFF/ UMNSl31,RRS(31,NSTOPS,A,8,C,SHAX,RF'IELD•TH•ICMHt HJRRN 10 

10 l ICSH,IFC,I~IT•ICSH2,NCOL,IHOUR,MIN,ELZ,T,TDISX,TDISY, MTRRN 11 
2 r>U.,.A,01JMd,OU"IC,U"INNll3),UMNN2(31,UMN(Jl,IOHITtNLAT, MJRR"'I 12 
3 NLONG•lLONG,NLATC,RCO,NPACK,ENHH MJRRN l3 

COMMON /9ALL/ DC0L,SCDELTC3>,XP,YP,PAX1,PAX2,0(31 HJRRN 14 
HJRRN 15 

¢. 
0 15 COMMON/TILTED/TTILT,UVTC31,Ul131,U2(31,WAPMAX,WAPHIN,OFF'SET MJRRN 16 
--.J COMMON/CAVITYISEP,D01,DD2,ROIF',HDIF,HCAV,HSWTC(21,RSWTC(21, MJRRN 17 
0 •CILAT<21,CAVLAT<2,2lltAI.,.HGT MJRRN 18 1I:I t.:, DIMENSION AIMP(JI HJRRN 19 
I 

I - COMMON/TOE/CTAZT,STAZT,CTELT,IFOCUS,STELTtUTARGC3>,0TARG<3> HtRRN 20 oil-- N 
I 20 REAL MN(J) HJRRN 21 

N RC=.5•ocoL HJRRN 22 
YCl=YC HtRRN 23 
CALL AJMDP(XCtYCl,2,AIMPI HJRRN 24 
00 10 1=1•3 HtRRN 25 

25 MN(Il=(TH-RC>*N(II-XC*UE<I>-YCl•UNCil•SEP•0•5•(N(l)-UYT(l)I• HJRRN 26 
• AIMP < II HJRRN 27 

10 OTARG<I>=M'll(II HJRRN 28 
ONM = OOTERCHN,MNJ HJRRN 29 
D~M = <;ORT CONM> HtRRN 30 

30 DO 15 t = 1,3 HtRRN 31 
UTARG<I>=H~Cl)/DNM HJHRN 32 

15 MN<l>=MN(l)/DNM-URCI) MtRRIII 33 
XXR = OOTERIMN,MN) MJRRN 34 
XXR=l./SQRTCXX~) HJR-RN 35 

JS DO 5091 r=1,, HJRRN 36 
5091 UMN<Il=MN(IJ•XXR HJRRN 37 

RETURN HJRRN 38 
END HtRRN 39 
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SUQROUTl'JE RINOX 
C•• THIS ROUTINE FINDS T• E CLOSEST HELIOSTAT TO A GIVEN POINT 
C xP, yP ON THf TEST PLANE. 

C<WMON /qALL/ OCOL,SCDELT(Jl,XP,YP,PAXl,PAX2•0lJl 

COMMON /JEFF/ UMNS(J)tRRS(J),NSTOPS,A,B,c,SHAX,RFIELo,TH,ICMH• 
l ICSH,I~C,I • IT,ICSH2,NCOL,IHOUR,MIN,ELZ,T,TOISX,TDISY, 
2 OU~A,DUMg,ouMC,UMNN1(3),UMNN2(Jl,UMN(3l,IOHIT,NLAT, 
3 ~L0NG,JLONG,NLATC,RCO,NPACK,ENHM 

COMMON /CINOEX/ XPCOL,YPCOL,COSA,COSB,SLOUM,WCELL,ICELL,JCELL• 
l XCSAV,YCSAV,XCM,YCM,ICELM,JCELM 
COMMON/MAPS/NR7.F,NAZZf,NC(250,8l,SRAD(250,8l,NPRA0(81,0EG 
XPD=XPCOL•SLOUM•COSB 
YPD=YPCOL•SLOUM•COSA 

C THIS ROUTINE WAS CnA~GED MARCH 1975 J.H.HAMHER G.A.SMITH 
C FIND MAP CELL 

ICELL=INTICXPD+RFIELD-TOISXI/WCELL)•l 
JCELL=INT((RflfLO-YPO-TDISYI/WCELL>•l 
IflICELL.LT.l I ICELL = l 
IFCJCELL.LT.l l JCELL = l 
IFIJCELL.GT.10> JCELL ~ 10 
IF(ICELL.GT • lOI ICELL = 10 

C POLAR SPACFD FIELD 
C PUT TEST P0INT INTO POLAR COORDINATES 

RHIT=SORTCXPD 0 XPO•YP0°YPD> 
ANG=ATAN?(XPOoYPO) 
IF (ANr,.LT.0.01 ANG=ANG•2.•J.l4159 
JZ=INT<A~G/DfGl•l 
If <DEG • GT .6.1 JZ=l 
IfCRHIT.GT.RCOl GO TO 101 
IR=l 
GO TO 56 

101 IR:INT((QHIT-RCOl/(SRAOl(NPRADlJZl-lltJZI-SRAOllNPRADlJZl-21,JZIIJ 
10 IR=IR+l 

IflIR.LT,11 iR=l 
If CIR • GE. INPRADlJZl-11 I IR=NPRAD(JZl-1 
IF IIR.E~. (NPRADIJZl-111 GO TO 56 
IFcRHIT,GT.SRAO(IR•l,JZII GO TO 10 

C RADIAL ZONf FOUND IS IR 
56 RZl=ISRAO(JR+l,JZ>•SRADlJR,JZl)/2, 

C FJND THE AZIMUTH ZONE 
DELA=DEG/FLOAT(NC(IR,JZII 
IZ=INT(CANG-DEG•FLOATIJZ-111/0ELAl•l 
AZl=DEr.•FLOAT(JZ-ll•DELA•lFLOATIIZl-•5> 

C THE CENTER OF THE HELIOSTAT IN ZONE IR IS 
XCSAV=RZl•SINlAZl> 
YCSAV=RZJ•COSlAZll 
YCSAVP=YCSAV+TOISY 
XCSAVP=XCSAV+TDJSX 
XMAGP=SQPT(XCSAVP•XCSAVP•YCSAVP•YCSAVPt 
IF IXMAGP .GT, RfIELD> XCSAV=lO,*TH 
RETURN 
ENO 

RtNOX 
RJNOX 
RJNDx 
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RJNOX 
RJNOX 
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RJNDX 
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28 
29 
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31 
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SUBROUTINE CROSS 14/74 OPt=l 

SUBROUTINE CROSSIA•B•C> 
OI~ENSIO~ Al3) •813),~(3> 
CCI> = AC2>•B(3> - AC3>•BIZ) 
CC2> = -(All>*BCJ> - ACJ>*B11)> 
Cl3) = Alt>•BC2) - A12>•BC1) 
RETURN 
END 

):"tr.I tt.S~4lOl \)j;iint 
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'Sll6RO\JTINE ~OON' 14114 OPT=l F'fN 4oS•4lOA 

SUBROUTINE MOONCNOloIACl 
C THIS SUHOOUTINE CHEC~S FOR RECEIVEq HITS FOR ANY RAY WHICH 
C GETS CLE~~y AWAY FROM THE FIELD • IT CHECKS FOR ENTRY INTO 
C THE APERTURE SUPPORT HITS ANO CYLINDER HITS • IT MAPS ALL 
C FLUX WHICH HITS CYLINDER- WALLS oq THE ROOF. 

INTEGER CILAT 
REAL N 
COMMON /JEFF/ lJMNSCJ!,RRS(Jl,NSTOPS,A,B,C,SHAX,RFIELO•TH,ICMH• 

l ICSH,I,C,I • IT•ICSH2,NCOL,IHOUR,MIN,ELZ,T,TOISX,TOISY, 
2 DUMA,OtJM8,)UMC,UMNNl(J),UMNN2(Jl,UMN(3),IOHIT,NLAT, 
3 NLONG•ILONG • NLATC,RCO,NPACK,ENHM 

COMMON/BABA/STH,CTH,SEO,OME,OMS,NC3l,UE(3l, 
I UN(3),U5(3),UA(3ltUR(Jl,THETA,MON,iDAY,SMALR•CAPR•CEQ 
COMM0N/JOKFR/URP(3l,US!C3l,THSL,PH,THSR,THSU,COUNT,WAVL(20l,ORAD 
COMMON /~ALL/ DC0L,SCDELT(3l,XP,YP,PAXl,PAX2,0(31 

COMMON /STATS/TP6,TS9,PH9,TPV,PHV,AVE,TSV,PAX1V,PAX1B,PAX2V,OAX2B 
COMMON/RANOOM/NRUN,IRANC,IJUMP,MOOE,ISRAN,IRAYS 

I , IT! ,llDtH ,1 IMC,Dl'HV,YFRAC 
COMMON/CAVITY/SEP,D01,DD2,RDIF,HOIF,HVAC,HSWTC(2l,RSWTC(21, 

I CTLAT(2),CAVLHC2,2Jl,AIMHGT 
COMMON1CFILING1NAZZ,NR7,DTAZC2!),DRZl10l,DD3,IZR,IZAZ 
COM.,ON/SlJPPT/DELTM,THES,KSEG,APH,SW,NSUP,RCONE,THECON,HTOT 
C0MMON/TTLTED/TTILT,UVT(3l,Ul131,U213l,WAPMAX,WAPMIN,OFFSET 
COMM0N/MOONMP/JWrl!S,JCOR9,JMISHltJMISLO,JFRONT 
DIMENSION TEMPD(3l,ASUPl3l,UPH(3l,PVl3l,UPV(Jl,RH(Jl,OD(Jl 
DIM~NSION VUP131,DJP(3l,RTH13l,UNA(3l 
IF CIAC.LT.7> GO TO 333 

C CHECK FOO oRQPER PIPE DIAMETER. 
OEW=2.•RCO~E•IWAPMAX+WAPMJN) 0 0.5°SINITHEC0Nl 
DN=2.0o(QCONE•wAPMAX•SINCTHECON>-0,5•SEP•TANITHECONll 
JF(DN,GT.DEWl DEW=)N 
IF(DDJ.G~ • l!.OJ•IDEW+OFFSETlll GO TO 80 
DD1=l • O!•IOEW•OFFS£Tl 
WRITEIA,5001 003 

500 FORMAT(/,lOX,42HINITIAL CAVITY DIAMETER Too SHALL,RESET TO, 
<>FI 0 •I• 3X. 2 .. F Tl 

80 DI~T=(WA0MAX•WAPMl•>•0.25•COS(THECONl•SEP•0.5 
VERT=DIST"COS!TTILTI 
HTMJ~=WAPMJNoCOS(THECONl 
ABoT=O.o 
RETURN 

333 CONTINUE 
C CHECK FOR HIT ON THE CONE • 

JW)"IIS=O 
JCORB=O 
JMISHl=O 
JMISL0=0 
JFRONT=O 
CALL CON£1Zl,Z2,AL1,AL2,ANG1,ANG2,ICHJT,ZZER0) 
IF!ICHIT.GT,O> GD TO 10 
NOl=lO 
JFRONT=l 
RETURN 

C FIND IF THE HIT IS WITHIN APERTURE BOUNDARIES. 
10 If(ALl,GT • AL21 GO TO 20 

IF1Zl • LE.Z7ER0l GO TO ?.l 

03/21/77 21.51.16 
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SUBROUTINE MOON 74,74 OPT=l FTN 4.S~410A 

60 

65 

70 

75 

80 C 

C 

85 

90 

C 
95 

100 

C 

105 C 

?10 

23 ZHJT•Zl 
ZOUT=Z2 
ANG•ANGl 
ANGOUT=A111G2 
GO TO 30 

20 IFIZ2.LE.ZZERO! GO TO 22 
21+ Zt'IT=Z2 

ZOUT=Zl 
ANG=ANG2 
ANGOUT=A111Gl 
GO TO 30 

21 JFIZ2.LE.ZZERO! GO TO 23 
ZHIT=Z2 
ANG=ANG2 
ZOUT=Sooo. 
GO TO 30 

22 IFIZl.LE.ZZEROI GO TO 24 
ZHIT=Zl 
ANG=ANGl 
ZOUT=Sooo.o 

30 IFIANG.Gr.J.11+1591 ANG•2.•3.lt+l59•ANG 
IF1ANGOUT.GT.3.11+1591 ANGOUT=2.•3oll+l59•ANGOUT 
FIND WIDTH OF APERTURE AT THE HIT ANGLE. 
WAPE=WAP'!JN 
IFIANG.L,.2.091+1+1 WAPE=WAPE•IWAPMAX•WAPMIN)•Cl.O•ANG•0.1+7751 
FIND TOP A'IID BOTTO"! OF SLANT DISTA'IICE ALONG.THE APERTURE. 
ATQP=WAP~•COSITHECONI 
IFIZHJT.GE.ABOTI GO TO l+O 
NOl=ll 
JMISLO=l 
RETURN 

40 IFIZHJT.LE.ATOPI GO TO 50 
N01=9 
JMJSHJ=l 
RETURN 

50 IFIZOUT.5T.100.) GO TO 60 
CHECK .FOQ A WHISTLE THROUGH 
WAP2=11APMJ"I 
IF IANGOIJT.LT.2.0941+1 WAP2•WAP2•1WAPMAlt•WAPMIN)• 

l l}.O-ANGOUT•0.1+775! 
ATOP2=11AP2•COSITHECONl 
IFIZOUT.GT.ATOP21 GO TO 60 
N01=14 
JW'ilS=! 

Wl-iISTLE THROUGHS ARE NOT ACCOUNTED FOR IN "10NTE 
RETURN 

60 CONTJ"lllE 
JF A HIT JS FOUND, CHECK FOR SUPPORT HIT. 
IFIOELTM~GfoOol T'iAZS=THES•FLOATIKSEG>-3.14159/3.0 
IF!DELTM.LT.Ool THA7S=THES•FLOATIKSEG•ll-3.ll+l59/3.0 
IF1THAZS.Lr.o.01 T~AZS=THAZS•6.283185 
CT'iAlS=CJS!THAZSl 
STnAlS=STNITHAlSI 
no 61 r= 1, 1 
TEMPOlll=U21Il•STHAZS•Ul1Jl•CTHAZS 
ASVP(ll=TE~POlll 6 1001•0D21,4.•UVTlll•SEP/2e 
ODcI>=ncr>•ASUP(I) 

03121111 21.st.16 
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101 
102 
103 
1 Ot+ 
105 
106 
107 
108 
lOQ 
110 
111 
112 
113 
111+ 
115 

'PAG!: 2 

tt1 
I 

ii:. 
0) 



,is. 
0 
-.J 
0 
c., 
I ...... ...... 
I 

N 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

SUS~OUTINE "00N 74/74 Oi>T=l 

UPHII>=U21Il•CTHAZS-Ul1I>•5THA7S 
61 PVlll=TEMP~IJl•ID02-D01>14 • •UVTIJ)•SEP/2. 

PPv=SQRT(OnTER(PV,PV)) 
DO 62 1=1•3 

62 UPVlll=PJ(J)/PPV 
CALL CQO<;S/UPH,UPV,U~AI 
CALL CHECK~(UP~,UPV,UNA,ICODI 
AL=DOTER(01,UNAI/D0TEH(US1,UNA) 
00 63 I=!•3 

63 RH(ll=AL•U$llll-ODIII 
SWP=2.•ooTER(RH,UPH) 
If'IABSIS~P1.GT 0 SWI GO TO 120 

C HIT SUPPORT 
ND\=12 
JCORB=l 
RETURN 

120 CONTINUE 

f'Ti'J 4.5~41CIA 

C THE RAY IS KNOWN TO HAVE ENTERED THRU THE UPPER APERTURE. 
C RE5ET TH~ O VECTOR TO AXIS Of' THE PJPE. 

oo 90 1=1•3 
90 DIJl=Dll>•OIST•UVTII)-Of'f'SET•UNIJl-VERT•NCII 

C CHECK f'OQ PIPE Hilo 
C f'lQST PASS CHECKS ~ITS 0~ Dif'FUSER. 

IPASS=2 
33 RCYL=RSWTC(IPASSI 

CALL P[P~CZl,Z2,AL1,AL2,ANGHl,ANGH2,RCYL,ICHJTI 
IF IICHIT.NE.01 GO TO 777 
WRITE Cb,7781 XP,YP,ZHIT,ZOUT,ANG1,ANG2,ANG 

778 f'ORMAT C~OX,2HXP,10X,2HYP,8X,4HZHIT,8X,4HZOUT,8Xt4HANG1,8X, 
l 4HANG2,~X,3HANG•/tlOX,7f'l2.31 

777 CONTINIJE 
If(ICHIT.Eo.o> GO TO 85 
If1IPASS,En.2.AND.AL\ • LT.AL21 GO TO 81 

C CILAT(IACl=NUMBlR OF HEIGHT ZONE HIT 
C ILONG=NU~BER"OF AZIMUTH ZONE HIT 

z=z1 
ANG=ANGHl 
GO TO AZ 

81 z=z2 
ANG=ANGH? 

82 IF1Z.GT.(HSWTC1iPASSl•HT~IN11"GO TO 86 
DO 1900 T=l•NLATC 
CILATIIPAS<;l:l 
IFIZ.G~.ICAVLATCIPASS,Il•HTMIN)I GO TO 2000 

1900 CONTIN1.JE 
2000 DELANG=2.•J.J4159/FLOATCNLONGI 

DO 1901 J=l,NLONG 
ILONG=I 
If(ANG.GT.(fLOATII-ll*DELANGl • AND • ANG.LE.lf'LOATCil*DELANGII 

•GO TO 87 
l 901 co~,r I NUE 

C If NO HITS ARE ENCOUNTERED, ND)=) 
95 If<IPASS,E0.21 RETURN 
53 IPA5S=2 

GO TO 33 
86 IF<IPA<;S.Ea.11 GO TO 53 

C HIT CAVITY CEILING, FIND ZONE. 

d312i111 ili51;16 

MOON 
MOON 
MOON 
Ml)ON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MoON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MrJON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
MOON 
Mt)ON 
MOON 
MOON 
MOON 
MOON 
MOON 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
12A 
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 
151! 
159 
160 
161 
162 
163 
164 
165 
166 
167 
1613 
169 
170 
171 
172 
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SUBROUTINE '100N 74/14 OPT=l f'TN 4.5•410A 03/?1177 21.51.16 PAGE " 
00 400-0 J=I,3 MOON 173 
VIJPCll=C~S~TC(2)•HTMIN)•~<I>~ MOON 174 

4000 ODPCI) = DCil•VUPII> MOON 175 
175 AL= DOT~RcOOP,N)/OOTERIUSl,Nl Jo!OON 176 

0-0 400S I=I,3 MOON 177 
4005 RTH(II = AL*USlCII-OCI)-VUPCI> Ml)ON 178 

XHIT = OOTER(RTH,UEI MOON 179 
YHIT = D1TER(RTH,U~l "100N 180 

180 P.HIT = SORTCXHJT•X~IT•YHIT•YHITl HOON 181 
ANr,HIT = ATA~2!X~IT,YHIT> MOON 182 
IF {ANGHTT.LT • o-o> A~G~IT=A~GHIT•2.*3•l4159 MOON 183 

tD IF CRHIT.GT.P.SWTC<2ll wRITE (6,40101 MOON 184 
I TESTS= ~SS(OOT[RC~TH,Nll MOON 185 ,i:=,. 

,i:=,. 185 IF (TEST5.r,T.o.0011 WRITE (6,4015> HOON 186 0) 
0 4010 FOR"'IAT CN,SX,48t1HU V[CTOR ON CAVlTY CEILING IS LONGER THAN THE • MOON 187 -:i 
0 ll3HCAV1TY 0AoiuS •/) MOON 188 
c.., 4015 F00,..AT l/,5X,4?HHJT VECTOR ON CAVITY CEILING IS IIIOT NORMAL• MOON 189 
I - 118H TO LOC~L VERTJCAL•/1 MOON 190 - 190 t-JAZZP = •1AZZ•l MOON 191 I 

t,:, 00 3000 T=l,NAZZP MOON 1'92 
3000 IF (ANGHIT.GT • OTAZ<I>eANO.ANGHIT • LT • DTAZ<l•l>l IZAZ•l MOON 193 

NRzP = NP.Z•l HOON 194 
00 3001 J=l,NRZP MOON 195 

195 3-001 JF <RHIT.GT • ORZ<IJ • AND.RHIT.LT.D~Z<l•I)) IZR=I M()ON 196 
IAC=l MOON 197 
NDt=8 MOON 198 
RETURN HOON 199 

87 IAC=IPASS MOON 200 
200 NDI=S•IAC MOON 201 

RETURN HOON 202 
ENO MOON 203 
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SUBQOUTINE PIPE 14114 OPhl "'"' 'lt•'5~4111" 

SUSROUTIIIIE PIPECZl•Z2•ALl•AL2•ANGHlTl•ANGHtT2•RCYL•lCHlT) 
C 
C THIS SUBROUTINE SOLVES FOR THE HIT POINTS 12) OF A VECTOR NJTH A 
C RIGHT CIRCULAR CYL!NOER 

REQUIRED INPUTS 
USl-UNlT VECTOR T~ BE TESTED FOR HITS 
0-VECTOR FROM SAM~ LOCATION IN SPACE AS USl TO THE BASE or THE 

CYLINDER 
RCYL-RAOIUS OF CYLINDER 
N-Ul\llT VECTOR ALO!IIG THE CYLINDER 
U~-UNIT VFCTOR UN A PLANE NORMAL 
UE-UNIT VFCTOR SUCH THAT N,UN,UE 

OUTPUTS 

AXIS 
TO UN 
FORM AN ORTHONORMAL TRIAD SET 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Zl ANO Z2-LENGTHS ALO!IIG CYLINDER AXIS TO THE HIT PLANES 
All AI\IO AL2-SHORT~ST ANO LONGEST LENGTHS or THE HIT VECTOR 

IUSl nTENOEOl 
A'IGHITl A'JO A!IIGHIT2-AIIIGLES FROM UN TO THE HIT POINT IN THE 

PLANE I\IORMAL TON 
ICHIT-CoDF FOR HIT TEST 

0 FOR MISSI!IIG THE CYLINDER 
1 FOR HITTI'IG 

OIMENSIOIII ~HC1C3l,~HC213l 
REAL N 
co~MON/BABA/SlH,CT • ,SEO,OME,OMS,Nl3),UEC3), 

1 UNl3),US(31,UAl3l•URl3l,THETA,~ON•IDAY,SMALR•CAPR,CEQ 
C0MMON/JOK~R/UPPl3l,US113l,THSL,PH,THSR.THSU•COUNT•NAVLC20l•ORAD 
COMMON /~ALL/ DCOL,SCDELTl3l,XP,YP,PAXl,PAX2t0(3l 

ICHIT=O 
OUSN=~OTERIUSl,Nl 
ooo=DOT£'1 ( !'ltOl 
OON=OOTER IO,Nl 
OOUS=OOT~RIO,USll 
A=l,0/COUS~•OUSNl-l.O 
B=2.0•0D!11/(0USN•DUSN>-2.o•oous,ousN 
C=DDN°D0!11/IDUSN•DUSNl-2 • 0•00N•DOUS/0USN•DOO-RCYL•RCYL 
82=6°8 
FAC=4 • 0•A•C 
ARG=B2-FAC 
JF(ARG.LT • O• Ol RETURN 
ICHIT=l 

CHIT CYLINDER, SOLVE FO~ HEIGHT 
SB2=SQRTCAAGJ 
Zl=C-B-SH2l/C2,0•Al 
Z2=1-6+Sq2J/12,0°Al 

C SOLVE f"OR LPJGHT 0~ l'tIT VECTORS 
ALl=IDON•Zll/DUSN 
AL2=100N•Z?l/0USN 

C SET UP VECTO:? Jtl HIT PLAI\IE NORMAL 
C TO AXI<; 

00 10 I=l•l 
P.HCllil=ALl*USl!Il-Zl•NIIl-OCll 

10 RHr.llll=tl?•us1111-z2•NCJl-Dlll 
C SOLVE FOR HIT ANGLFS 

Xl=OOTfR(RHCltUEI 

~J,2111, 21.'St.1~ 

PtPE 
PIPE 
PIPE 
PJPE 
PIPE 
PJPE 
PJPE 
PJPE 
PJPE 
PJPE 
PIPE 
PIPE 
PJPE 
PIPE 
PIPE 
PJPE 
PJPE 
PIPE 
PJPE 
PIPE 
PIPE 
PIPE 
PIPE 
PIPE 
PJPE 
PIPE 
PIPE 
PJPE 
PJPE 
PJPE 
PJPE 
PJPE 
PIPE 
PJPE 
PJPE 
PIPE 
PJPE 
PJPE 
PJPE 
PIPE 
PIPE 
PJPE 
PIPE 
PIPE 
PIPE 
PJPE 
PIPE 
PIPE 
PJPE 
PJPE 
PJPE 
PJPE 
PIPE 
PIPE 
PTPE 
PJPE 
PJPE 
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3 ,. 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
l!, 
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 
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52 
53 
54 
55 
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58 
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SUBROUtlNE PJPE 14/?4 OPt=l ,,.t~ 4.5~i.10A Ol/21177 ~t.5t.t6 PAGE 2 

X2:00TER<RHC2,UE> PtPE 59 
Yl=DOTER<R~Cl•UNI PIPE 611 

60 Y2=DOTER1R~c2,u~, PIPE 61 
IF(AijS<Xtl.GT.0.0001) GO TO 100 PIPE 62 
Al'.IGHITl=:>.O PJPE 63 
IF(Yl.LT.o.o, ANGHITl=J.14159 PIPE 64 
GO TO ?.Oil PIPE 65 

65 100 ANr,HITl=ATAN2(XloYll PJPE 66 
200 IF<ABSIX?.>.GT.0.00011 GO TO 300 PtPE 67 

ANr;HfT?:1).0 PTPE 68 
IFIY2.LT.o.o, ANGHIT2=3.14l59 PTPE 69 
GO TO 400 PtPE 70 

70 300 ANGHIT2=ATAN2(X2,Y21 PtPE 71 

~ 
400 IF(AI\IGHlTl.LT.O.I ANGHITl=AI\IGHIT1•2.0*3el4159 PTPE 72 

0 IF(ANGHIT2.LT.o.o, AI\IGHIT2=ANGHIT2•2.0•3.14159 PtPE 73 
td ~ TESTl=OOTEOIRHCl•I\II PJPE 74 

0 TEST2=00TEOIRHC2oN) PtPE 75 I 
~ t1I 
I 75 IFIABS<TESTlloGTo0oOOl.OR.AASCTEST21.GT.0.0011 WRITEC6,20> PJPE 76 0 ...., 20 FO~MAT(//•l0Xo48rlrlIT VECTOR FROM CENTER OF CYLINDER JS NOT NORMAL, PIPE 77 ...., 
I 1 7HTO AXJSo/1 PJPE 78 

N RETURN PJPE 79 
ENO PJPE 60 
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SU!:!ROUT iNE lIMDR 74/74 OPl=l f:'ti-1 4.S•4iU 

SU~ROUTI~E LIMDR(Y~N,LIMC,ROERN) 
coo THIS SUBROJTINE GENE~ATES THE INTENSITY DISTRIBUTION 
C ACRnSS THE SLJRVACE OF THE SUN • IT HAS 3 DIFFERENT SUN 
C LIMc=l FLAT SUN 
C LIMC=2 SUN WIT~ LI~B DARKENING AND SOLAR RADIATION 
C LIMc=J SuN WITH LI~B DARKENING 

GO TO <21•22,2)1,LIMC 
21 ROERN: 0 2665°SORT<Y~N) 

RETURN 
22" Y=YRN°16.9~ 

l=INltY/7 • 51 • l 
GO TO 131,32,33>•1 

31 R0ERN=0.06408°1Y 00 .4878) 
RETURN 

32 ROERN=O.Ol0956°Y•0.092413 
RETURN 

33 IF(Y.GT.16.71 GO TO 34 
ROERN=0.35~-0.038345°1SQRT(-193.2-Y*Y•28.28°YII 
RETURN 

34 ROERN=0.34A6°Y-5.5007 
RETURN 

23 Y=YRN°IS.94 
JF(Y.GT.7 • 1 GO TO 41 
ROERN=O.D6408°!Y 00 .4878) 
RETURN 

41 ROERN=.Ol0956°Y•0.092413 
RETURN 
END 

OF El)IERGY 
MODES 

aj1z1111 ti.st.16 

LJMDR 
LJMDR 
LJMDR 
LIMDR 
LJMDR 
LIMDR 
LJMDR 
LJMDR 
LJMDR 
LTMOR 
LJMDR 
LJMOR 
LJMOR 
LTMDR 
LIMDR 
LTMDR 
LIMDR 
LJMDR 
LJMDR 
LTMDR 
LJMOR 
LJMDR 
LJMDR 
LJMDR 
LTMDR 
LTMDR 
LJMDR 
LJMDR 

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 
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SU'il!OUTINE VECT5 74/74 OPT=l rfr.i 4.5 • 1,iiiA 

suqROUTI'IE VECTS 
C•• THIS ROUTI~E CALCULATES THE SUNS VECTOR UR FOR A GIVEN MONTH• OAY 
C AND TI~E OF THE YEAR. 

REAL N ° 

COMMON /JEFF/ UMNSC31•RRSC31,NSTOPS,A,B,C~SHAX,RF1ELO•TH,ICMM, 
l rCc:;HolFC,IHIT,ICSH2oNCOLtlHOUR,MIN,ELZ,T,TOISX,TOIJY, 
2 DU"A,0UH3, )IJMC,UMNNl 131 ,UMNN2 I 31 ,UMN(31, IOHITtNLATt 
3 NLONG,ILONG,NLATC,RCOtNPACK,ENHM 

CO'!MON /qALL/ DCOL,SC0ELTC31,XP,YP,PAX1,PAX2,D131 

COMMON/BABA/STH,CT~,SE~•OME,OMS,Nl31,UE131, 
I UN C 31 ,t1S C 31 ,IJA C 31 ,UR CJ), THETA ,'ION, IOAY ,SMAUhCAPR,CfQ 
DIMENSION Ul31, ITOT0/121 
EOUIVALENCE IUlll,UEllll 
DATA ITOTD/0,31,59,90,120,l51,18l,212t243t273,J04,334/ 
ARG•OMSO(fLOATIITOTOIMONl•IDAY-11•8.6561 

C sue,~ACT o"s•LONGITU)E/360. FROM ARG FOR LONG. CORRECTION 
C THIS WILL C~ANGE THE SUNS POSITION BY NO MORE THAN 0.2 DEGREES 

ARGW = O'IE•IT - 12.01 • ARG •OMS•0.5 + J.141592 
C THE PHASE ANGLES IN ARGW INSURE SOLAR NOON TIME 

SW= SINIA~GWl 
CW= COS(Al!GWI 
Nlll•STH•S,O+CTH•CEQ•CW 
"l < n =-c,~•<,w 
Nl31•STH•CEO-CTH•CW•SEO 
UE I 11 =-s111•CEQ 
UE12l•-C,1 
UEC3l•SW•SFO 
UNCII = CNl21°UC31 - N(3)*U121) 
UNl21 • -INl11°Ul31 - Ulll*Nl3)) 
UNCJI = (NCl)•Ul21 - Ulll*Nl2)) 
DO 10 1•1•3 

10 U"llll = -U'IIJI 
ARG•ARG•OM<;•!T/24+1 
us,11:1-COSIARG) 
US(21• StN.IARGI 
US(Jl•Oo 
OE"IOM•O. 
00 20 I=t,J 
URCll•SMALl!*N(JI-CAPR*USlll 

20 OENOM•OENO'!+UR(Jl••2 
DO 30 1•1•3 

30 UR<ll • UQIII/SORTIOENOMI 
A•-OOTFRtUNoURI 
R• -OOTERIUE,URI 
C•-OOTERIN,URI 
OUM2•0. 
oo 1981 r=t.3 
UMNNI (l) • N(ll•C•IJR-111 

1981 our~2=0UM2•UMNN111 I •U"INl\ll II) 
OUM2=S1)RT CDUM2) 
DO 19!!2 t=l,3 

1982 UMNNllll=U"NNlll)/0UM2 
CALL CR05S(UMNNloUR,UMNN21 
RETURN 
ENO 

03/21/77 2lo5lol6 

VE:CTS 
VF.CT_c; 
VF;CTc:; 
VECTS 
VF.CTS 
Vl'CTS 
VFCTS 
VFCTS 
Vf.CTS 
VFCTS 
VF.CTS 
VF.CTS 
VF.CTS 
VECTS 
VF:CTS 
VECTS 
vr::CTs 
VECTS 
VFCTS 
Vi::CTS 
VFCTS 
vi::crs 
VECTS 
VECTS 
VF.CTS 
VECTS 
VFCTS 
VFCTS 
VF;CTS 
VFCTS 
Vi::CTS 
VF.CTS 
VF.:CTS 
Vf.CTS 
VF.:CTS 
VECTS 
VECTS 
VECTS 
VECTS 
VF.CTS 
VECTS 
VECTS 
VECTS 
VECTS 
vrcTs 
VfCTS 
VECTS 
VFCTS 
VECTS 
vi:-cTs 
VECTS 
VFCTS 
VECTS 
VECTS 
VECTS 
VECTS 

2 
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5 
6 
7 
8 
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10 
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22 
23 
24 
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26 
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28 
29 
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31 
32 
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39 
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41 
42 
43 
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FUNCTION DOTER 74/74 OPT=l FTN 4.5~4l'OA 03/21/77 21.51.16 PAGE l 

l FUNCTION DOTER CA,91 DOTER 2 
DJMENSIO'I/ A13l,813l DOTER 3 
DOTER=O. DOTER 4 
DO 10 I=l•3 DOTER 5 

5 10 00TER=OOTE~•A<I> 0 BCJ) Of')TER 6 
RETURN DOTER 7 
END DOTER 8 

~ 
0 

ttJ -J 
0 SUBROUTINE CHECKR 14/14 OPt=l FtN 4.S+4JOA 03/21/77 2I.SJ.I6 PAGE 1 I 

"" tJ1 
I - "" - l SURROUTI~E CHECKR IA,B,C,ICOOl CHECKR 2 I 

1:-.:) C TEST ORTHONO~M~LITY OF TRIAD Aac ICOO=O IF OK =1 OTHERwISE CHECKR 3 
or,.•ENSIO'I/ A(3), B13>• CIJ!, AOBl61 C1-1EC1<R 4 
ADH(ll=D~T~R(A,~) CHECt-:R 5 

5 A0812) =D·1TER (A,Cl CHECKR 6 
AD9(3l=DnTFR<C,B> CHECKR 7 
AD9<4l=DOTFR<A•AI CHECKR 8 
AD~IS):OuTER<8,8l CHECKR 9 
AD• <6>=DOTfR<C,C> CHECKR 10 

10 DO 10 1=2•" CYECt<R 11 
IF<ABS<ADH<Ill.GT.0.00001 .ANO.I.LE.JI GO TO 20 CYECKR 12 
TEST= MlS<ADB<Il - 1.0, CHt:::CKR 13 
IF <TEST ,GT. 00001 .AND. I .GE. 4) GO TO 20 CHECKR 14 

10 CONTINUE CHt:::Cl<R 15 
15 ICOD=O CHECKR 16 

RETURN CHECKR 17 
20 ICoD=l CHECt<R 18 

WRITE 16,21 l (ADBII>,I=l,6) CHECKR 19 
21 FORMAT(//, lOX 9H3AO TRIAD ,/,SX,6Fl0.Sl CHECKR 20 

20 RETURN CHECt<R 21 
END CHECKR 22 
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SUBROUTINE RI\JORM 74/74 OPf=l F'TN 4.5•4l0A 

SUBROUTINE RNORM(Ol,02) 
C ••• THIS SUHQOVTINE GENERATES PAIRS OF INDEPENDENT 
C ••• 
C ••• 

NORMAL RANDOM DEVIATES (MEAN=O,STANOARD DEVIATJON=l>. 
01 A"'O D2 ARE NORMALLY DISTRIBUTED ON THE 

C *"" 
C """ 
C """ 

10 

INTERVAL (-INf,•INfl. 
IT ASSUMES A FUNCTION RANf(X) WHICH RETURNS A 
RA:-..iOOM Ni tMRER UN I f:>R~L Y DIS TR I BU TED ON ( 0, lJ • 
X=RANf(0 0 0) 
Y=2.0"RANF(0.0)-1 0 0 
XX=X"X 
YY=Y"Y 
S=XX•YY 

YJ 
IflS-1.0> 20,20,10 

20 XL=SORTl-2.0•ALOGl~ANF(0 0 0t))/S 
01= IXX-YYl •XL 
D2=2.0•X•Y 0 XL 
RETURN 
E'~D 

SlJt3ROU'rINE MIPROR 74/71+ OPT=l 

SU~ROUTI~E MIRRO~ IALPHA,R) 
R=0.90 
RETURN 
ENr> 

F'TN 4.5~4lOA 

03121111 21.s1.16 

RNORM 2 
RNORM 3 
RNORM 4 
RPIIORM 5 
RNORM 6 
R~JORM 7 
R•JORM 8 
RNORM 9 
RNORM 10 
RNORM 11 
RNORM 12 

/=RANfco.o, 

RNORM 
RNORM 
RNORM 
RNORM 
R:-,iOR"4 
RNORM 

03121/77 

MTRROR 
MtRROR 
MyRROR 
MIRROR 

14 
15 
16 
17 
18 
19 

21.SI.16 

2 
3 
4 
5 
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SUBROUTlNE I~TE~ 14/74 OPT=l I'm i+,,'5•4l'OA '03/211?? 2l~5l~l~ 

SUBROUTINE INTENIMON.IDAY,BETA,DNII 
C•• THIS ROUTINE CALCULATES THE DIRECT NORMAL INTENSITY FOR THE 
C THE GIVEN MO~TH, DAY, AND TI~E. 

DIMENSION "lDMI 13>,All41,Bll41 ,Cl141 
DATA NDM/3lt31,28,31,J0,31,30,3lt31,30,3l,30t3l/ 
OATA A/3~l~t390,,385.,376,t360.,3S0.,34S.,344.,351,,365.,378 0 ,387. 

l•l • l.,J9ry./ 
DATA 8/.J42,.l42t,l44,.lS6,.l80,.196,.2os,.201,.201,.111 •• 160,.l49 

1,,142,,142/ 
DATA C1.n57,.0S8,.060,.071,,097,.l21,,134,.l36,.122,.092,.013,.06J 

1,.057,.058/ 
CLFAR=l,00 
J=~ON•l 
DAF=FLOATIIDAY>-21• 
IF<IDAY,LT,21 I GD TO 
GO TO 2 

1 J=J-1 
OAE:FLOATIIDAY•NDMIJ)l-21. 

2 AINT=IAIJ•I>-AIJII/IFLOATINOMIJlll•DAE•A(JI 
BINT=IBIJ•l>-BIJII/IFLOATINOMIJlll•DAE•BIJI 
CINT=ICIJ+ll-CIJII/IFLDATINOMIJlll•OAE•CIJI 

C CALCULATE DIRECT NOR~AL INTENSITY 
ONI=IAINT/E~PIBINT/SINIBETAlll•CLEAR 
RETURN 
ENO 
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SUB ROUT l •JE TSHAD 14114 OPT=l FTN 4o5•410A 03/21/77 Zl.SJ.16 

SU9ROUTI~E TSHAOCW3ASE,WTOP,ICOOJ 
REAL N 
COM~ON/OAR~LE/OOTOP,DOBASE 

COMMON/CAVITY/SEP,QD1,0D2,ROIF,HOIF,HCAV,HSWTCC2l,RSWTCC2l, 
l CILATCZ!tCAVLATIZ,21),AIMHGT 

CO~MON /ijALL/ DCOL,SCUELTl3l,XP,YP,PAX1,PAX2,0C3l 

COMM0N/8ABA/STH,CT~,SEQ,OME,OMS,NC3),UEC3J, 
1 UN(31,us13),UA(3),UR(3l,THETA,MON,IOAY,SMALR,CAPR,CEQ 

COMMON /JEFF/ UM~S!JJ,RRSl3l,NSTOPS,A,B,C,SMAX,RFIELOtTH,ICMHt 
l JCr.H,IFC•IHIT,TCSH2,NCOL•IHOUR,MIN,ELZ,T,TOISX,TOISY, 
2 OU~A,DU~~,JUMC,UMNN113),UMN~213),UMNIJl,IOHITtNLAT, 
3 ~LONG•ILONG,NLATC,RCO,NPACK,ENHM 

C THIS ROUTI~E FINDS IF THE RAU HITS THE TOWER BASEVC3l WECTOR FORM 
C PAY UR TO THE Tow~R 6ASE 
C WTOP: WIDTH Of TOW~R TO~ 
C W8ASE= A WIDTH Of row~R BOTTOM 
C tCOD HIT CODE O= MISS l= HIT 

Ol4ENSIO~ HASEVC3),UR1C3>,RE513) 
00 5 I=l,3 

5 BA~EV(Il:-XP•UE<IJ-YP*UN(ll 
WTOP=OoTnP 
waASE=DO"IA~E 
ICOD=O 

C THE TOWER CA~ NO LONGER BE SHIFTED FROM THE CENTER OF THE FIELD 
TEST=-OOTE~IBASEV,UR) 
If <TEST .LT.Ol RETUR"I 
OUPUN=-DnT~RCUR,UN) 
Ou~UE=-OoTER(UR,UE) 
OE~OM=l.O/SQRTIOURJE*OURUE•OURUN*DURUN) 

C NORMAL TO THE TtST PLA~E URl . 
DO l O I= 1 • 3 

10 UR)Cil=Cl)U~UE*UEIIl+OURUN*UNIIll*DENOM 
AL=-DOTEQ(~ASEV,URl)/OOTER(UR,URll 
00 20 I= J, j • 

20 RESCil=-ALffURCI>-BASEVlll 
C TEST If R~S IS NORMAL TO URI 

TEST=OOTERCRES,URll 
If IA8SITESTJ.GT.0,00ll WRITEl6,130J TEST 

]30 f0QMATl/,lOX,13H••••EHROR•••••SX,21HRES NOT NORMAL TO URl,SX,SHTES 
2T=,El0.31 

C PULL TEST AFTER DEBUG 
HX=OOTER!RES,UE> 
HY=DOTERCRF.S,UNI 
HOZ=SQRTCHX*HX•HY•~Y) 
VERT=UOT~RIRES,Nl 
WD=WAASE•lwTOP-w3ASE)*VERT/TH 
wD2=WD12.o 
If IVERT.uT.TH•SEP•HCAVI RETURN 
IfCVERT.GT.TH1 W02=1001+1002-DDll*flVERT-TH)/SEP>>l2. 
If<~ERT.r.T.TH•SEP) woi=RSWTC(2) 
If 1Ad51~071.LT.w021 ICOD=l 
RETURN 
ENO 
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SUBROUTINE WALLMP 74174 OPT=l f"TN 4o5•4lOA 

SURROUTINE WALLMPIFLUX.NAZ•IIIHT.HCAVI 
C0MM0N/CEILING/NAZZ•NRZ•DTAZl2ll•DRZIIOJ,D03,JZR,JZAZ 
DIMENSION FLUX12l,361,DAZISOJ,HCEL150J,IFRSISl,JSNDl5l 
DIMENSION AVER150l•SFTOPl50l,SFBOTISOI 

C BETH WI~LfAMS ANO J M HAMMER AUG. 16 1975 
C FIRST SUBSCRIPT HIGHT 
C ~ECOND SURSCRIPT IS AZZIMOUTH 
C THIS IS THE CAVITY wALL FLUX MAP PRINTOUT ROUTINE 

Il=l 
I2=NAZ 
SFTOPlll=O.O 
SFROTll):0.0 
NAZP=NAZ+l 
NHTP=NHT•l 
DO 10 I=J,NAZP 

10 DAZIIl=360.0•FLOATII-ll/FLOATCNAZl 
DO 20 I=l ,',HTP 

20 HCEL I I> =•1C~V•FLOAT I J-1 J IFLOAT INHTI 
IFRSll)=J 
JSND I l) :>JAZ 
NPTS=NAZ/10•1 
IF INPTS.EO. l l GO TO 45 
DO 25 I=J,NPTS 
!FRSII>=JO<>II-l>•l 
I S"JO I I l =IO" I 

25 IF IIS'<D1I>.GT.NAZJ ISIIIDIIJ=NAZ 
45 DO 300 JPT5=J,NPTS 

Il=IFRSIJPlS) 
IC:=ISNDIIPTS> 
WRITE 16,501 IDAZII>,l=Jl,I2l 

SO FORMAT( ///,5X,6HCAVITY,2X,4HWALL,2X,3HMAP,///,l6X,4HFROM, 
l lOFlO.I> 
II!=ll•l 
112=12•1 
WRITE16,~5> 1DAZlll,I=IIl,112l 

55 FOPMAT (J8X,2HT0,10Fl0.ll 
WR !TE 16,6! l 

61 FORMAT l//,4X,3HTOP,/,4X,4HFROM,4X,2HTOJ 
60 FORMAT(//,4X,4HFROM,4X,2HT0,8X,8HAVE rLUX,13X,2HAT,6X, 

1 l3HSUM 80TTOM UP,7X,2HAT,6X,12HSUM TOP DOWNI . 
DO 100 IHT=l,NHT 
Ml=NHT-IHT+2 
WRJTE16,75l HCEL!Ml-Jl,HCELCMl>,IFLUXIIHT,Jl,J=ll,121 

75 FORMAT (?l?X,F6.l) ,4x,1ono.31 
100 CONTINUE 

WRITE 16,621 
62 FOPMAT 14X~6HBOTTOM) 

300 COI\IT INUE 
WRITE !6,)2",) 

325 FORMAT(///,lOX, 15HCIRCUMFERENTIAL ,2X, 3HAVE ,2X4HWALL 
I ,2X,4wFLUX ) 

WRITE U,,r,O) 
00 400 I = l,NHT 
AVE= O.o 
DO 350 J = !,NAZ 

350 AVE= AVE • FLUXII,J) 
400 AVERCIJ=AVF/FLOAT(NAll 

03121111 21.s1.16 
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SUBROUTINE WALLMP 74/74 OPT:1 FTN 4.5•410A OJ/21177 21.51.16 PAGE 2 

AREA=.0929•0D3•HCELC2>•3.l4159 WALLMP 59 
DO 150 I=l .l'.&HT WALLMP 60 

60 SfBOTII•l>=AVERlll*AREA•SFBOTIIJ WALLMP 61 
150 SFTOPCJ+ll=AVEQINHTP-l>*AREA+SFTOPCIJ WALLMP 62 

DO 450 I::l,NHT WALLMP 63 
J=NHTP-I WALLMP 64 

450 wRrTEt6,76) HCELCil,HCELCI•l>,AVER(IJ,HCEL(J•l>,SFTOPII), WALLMP 65 
~ 65 1 HCELCil,SfBOTCil WALLMP 66 
0 76 FORMAT(2(2X,F6.ll,4X,fl0+3tlOX,F6+lt4X,FlO;J,8X, WALLMP 67 
-.:i 
0 1 ~ 6. 1 ,4X,Fl0.3> WALL~P 68 ttt 
w WRJTE<6,77> HCELlll,SFTOPINHTP),HCELCNHTP>,SFBOTINHTP> WALLMP 69 I 

I 77 FORMATC40X,F6.l,4X,Fl0.3,8X,F6.l,4X,FlO.J> WALLMP 10 CJ1 
1-1 00 
1-1 70 RETURN WALLMP 71 I 
N END WALLMP 72 
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StlB1'0UfINE ~OlMAP 74th OPT•l H;t 4.s .. 10'A -.v-2un 2't -.s i. t6 

StlqROUTI•1E POL NAP lCOUNToCOllrl•NRAYS• ICOO•NOll C IIU.:GetRAOI, AQE l:OOROINATES OF' THE ZO'IIE IN ._,HICH THE MIRROR LIE'>• C THI!'. ROUTitlE RF.WRITTE.N J/i!.n6. 
C RF'IELO 011Ti::R F'JE1.0 RA!IIUS IN FEET 
C RCO INNEO FIELD RADIUS IN FEET 
C ALL ZONES HAVE EQUAL ANEA 

DIMENSION ikRAYll0,101,ERRAY(lOolO)oSHRAY(IO•lO>o 
l BLRAYllO•IOl,SHHT• llU,lOl 

C 
C 

410 
420 

C 

C 

Dl•tENSION FTAR 110, lOl ,SHADPUO, 101 ,BLP 110. lOhTLOSPClO, 101 COMMON /JEFF/ UMNSl31,RRSl31,NSTOPS,At8,C•SMAXoRF'IELD•TH,ICMH, J ICSH, I FC, I •-II T, ICSH2,NCOL, I HOUAoHIN,ELZ, T, TOISX, TOISYo 2 l)U'4A,0UMd, )U'4C,U'4NNJ (31 ,UHNN2131 ,UMN(JI o IOHITtNLAT, 
3 NLONG,JLON:i,NLATC,RCO,NPACl(,ENHH 

COMHON/HAPS/NRZF1NAZZF,NCl250,Bl,SRAOl25018),NPRAOl8l•OEG COMHON/TABLE/UHVl31,UAXVl31,UXV2131,RSTl31,WFV,NHF,XDF,W02tWFV2t l RHSIJl,OELX,DELY,WD,IFV,RR8131,UAXVP13l,UXV2PPlllt 
2 UTllJl,UNN?t3>,UXV2Pl31 
3 ,uHNP(Jl,UMNPP(ll,F,ALEN,UBEONCJl,JFOC,IDRIVE 

COMMON /Cl•JOEX/ XPCOL,YPCOL,COSA,COSB,SLOUM,-CELL,ICELL,JCELLt l XCSAV,YCSAV,XC'4,YCMtlCELH,JCELH 
CO~HON/MOONHP/JWHJS,JCORB,JMISHI,JMISLO,JFRONT 
Dl'4ENSJON IWHI!'.<lO,JOl,ICORBllO,lOJ,JHISHJlJO,lOltlHISLOllOtlOlt • IFRONTl!0,101 
IFIJCOD.r.T.l) GO TO 420 
INITIALIZE 
SET ARRAY TO 0 
DO 410 I=l,10 
DO 410 J=l,10 
IF-RAY It ,JI =O 
ERRAY II ,JI =O, 
SHt;AYIItJ):0,0 
8LRAYII1Jl=O,O 
SHHTHII •JI =0,0 
ICoRBII,Jl=O 
IWHISl!,Jl=O· 
IFRONT(I,Jl=O 
IM(SLOI I ,JI =o 
IH!SHIII,Jl=O 
CONTINUE 
IF IICOD.GT,21 GO TO 617 
LOCATE THE POINT I~ A ZONE 
I A~JG= I CELM 
IRAD=JClLM 
SUM HlTS AN6 ENERGY 
IFINDI ,EQ, 7 .OR. NDl ,EQ, 81 IRRAYIIANG,IRAOl•IRRAYIIANG,IRADl•l IFINDl ,EQ, 7 ,OR. NOl ,EQ, Bl ERRAYIIANG,IRAOl=ERRAYIIANG,IRAOI• l COUNT 
SHRAY(IANG,IRAOl=SHRAYIIANG,IRAOl•COUNT•FLOATIICSHI 
BLRAYIIANG,IRAOl=BLRAYIIANG,JRADl•COUNT•FLOATIIOHITI 
SHHTHIIANG,IRAOl=S~HTH(IANG,IRAOl•COUNT-°FLOAT(ICSH21 
ICOR81IANG,JRAOl=ICO~BIIANG,JRADl•JCORR 
IWHISIJANG,IRAOl=lwHl511ANG,IRADl•JWHIS 
IFPONT(!ANG•IRADl=IFRONT(JANG,IRA01•JFR6~T 
IMJSHl(l~Nr.,IRADl=I~ISHIIJANG,IRADl•JMISHJ 
IMISLO(IANr.,IRADl=IMl5LOIIANG,IRADl•JMISLO 
IFtlCOO,LT.ll GO TO 1000 

617 FCONV=CONV/FLOArlNRAYSI 
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SUBROUTINE POLMAP 74/74 OPT=l FTN 4.5•4lllA 

60 
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90 

95 

100 

105 

110 

DO 70 I=l,10 
00 70 J=l,10 
EPRAYII,Jl=FCONV 0 ERRAYll,Jl 
SHQAYII,Jl=SHRAYII,Jl•FCONV 
BLQAYII,Jl=BLRAYII,Jl*FCONV 
SHHTH(t,Jl=SHHTHll,Jl*FCONV 

70 CO'IITINUE 
C OUTPUT HITS 

WPITE 16,2051 

C 

205 FOPMATl///,25X,23H~ITS ON THE HELIO FIEL0,/1 
DO <':40 I=l,10 

240 WRITE 16,246) IIRRAYIJ,Il,J=l•lOI 
248 fOPMAT 12X,IOIIOI 

C OUTPUT ENERGY 
WRITE lt>,Jill 

39 fORMAT l///,5X,17HFLUX ON THE FIELD,/) 
DO 120 I=l,10 

120 WRITE 16,2451 IERRAYIJ,ll•J=l,101 
245 FORMATl2~•10El0,31 

WRITEl&,2461 
246 FORMATl/,/,/,lX,22~fLUX LOST TO SHAOOWING,/1 

DO 2<+7 l=l,10 
247 WRITEl6,?9RI ISHRAYIJ,Il,J=l,101 
298 FORMATl5x,lOE12.5> 

WRITE16,7001 
700 FORMATl///,5X,43HFLUX LOST TO HELIOSTAT TO HELIOSTAT SHAOING,/l 

00 710 I=l,10 
710 WRITE 16,2~91 ISHHTH(J,Il,J=l,101 

WR!TEl&,:>491 
249 FORMATl/,/,/,1X,21HFLUX LOST TO BLOCKAGE,/! 

00 299 I=l,10 
299 WRITEl&,2891 IBL~AYIJ,Il,J=l,101 
289 FORMATl5x,10El2.Sl 

wRITE<&,5501 
550 FORMATl///,5X•lOHTDTAL fLUX,/1 

00 560 l=l, 10 
DO 560 J=h 10 
FTARll,Jl=ERRAY(l,Jl•SHRAYII,Jl•BLRAYlt,Jl 
SHADPII,Jl=SHRAYII,JI/FTARII,Jl 
BLPll,Jl=BLRAYII,Jl/FTARll,JI 

560 TLOSPIJ,Jl=ISHRAYII,Jl•BLRAYII,Jll/FTARII•JI 
oo 570 l=l, 10 

570 WRITEl&,7891 IFTARIJ,I),J=l,101 
WRITEl6,581JI 

580 FORMATl///,SX,28HPERCENT FLUX LOST TO SHADOWS,/) 
00 585 I=l,10 

585 wR!TEln,2891 ISHAOPIJ,Il,J=l,101 
WRITE 1&,<;91)1 

590 FORMATl///,S~,29HPERCENT FLUX LOST TO BLOCKAGE,/) 
00 595 I=l,10 

595 WRITE16,?89) IBLi>IJ,ll,J=l,101 
WRITE 16,<;991 

599 FOCMATl///,5X,26~TOTAL PERCENT OF FLUX LOST,/1 
DO 123 l:l,10 

123 WR!TE<&,?891 ITL05P(J,Il,J=l,l01 
WRITE 16,3101 

03121111 21.51.1~ 
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SUBROUT JNE POL"IAP 74/74 OPt=l r:-tN 4.5 4 410A 03/i!'l/77 21.s1.16 PAGE: 3 

115 310 FORMAT (///,5X,22H~AYS WHICH MISSED HIGH) POLMAP 116 oo 315 1:1.10 POLMAP 117 315 wRITE (6.248) (IMISHI<J,Il•J=l,101 POLMAP 11'3 WPITE (6.3?0) POLMAP 119 320 FOQMAT l///,5X,21HQAYS WHICH MISSED LOWI POLMAP 120 120 DO 325 I=l•lO POLMAP 12! 325 WRITE (6.248) (IMI5LO<J,Jl•J=l,10l POLMAP 122 WRITE 16,310) POLMAP 123 330 rORMAT (///,SX,30H~AYS WHICH MISSED ACROSS FRONT) POLMAP 124 DO 335 I=l.10 POLMAP 125 125 335 WRITE (6.248) (JFRONTCJ,Il,J=l,101 Pt)LMAP 126 ~ WRITE (6,340) POLMAP 127 t:d 0 340 FORMAT l//l,SX.27H~AYS WHICH WHISTLED THROUGH) POLMAP 128 I 
-J 
0 DO 345 I=l,10 POLMAP 129 O') ~ 345 WRITE (6,248) ( 1..iH IS CJ• I l • J= 1 , 10 l POLMAP 130 .... I 

130 WRITE 16.350) POLMAP 131 
1-1 
1-1 

350 FOPMAT (///,5X,?2H~AyS WHICH HIT CORBELS) POLMAP 132 
I 

I),) DO 355 l=l,10 POLMAP 133 355 W~JTE (6,248) <ICO~B<J,I>,J=l•lOl POLMAP 134 1000 RETURN POLMAP 135 135 END P('ILMAP 136 
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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 

230 

250 

SURROVTINE HITFAC("IFHIToNFBLOCoWDlolCOOoNHFI 
THIS ROVTI~E TOTALS THE 
MU~BER OF HITS A~D BLOCKS 
FOR ANO FROM EAC~ • ELlOSTAT 
FACET 
NFHIT=JN~EX OF HIT FACET 
"IF9LOC=I•1D~X OF FACET WHICH BLOCKED THE RAY 
ND!=EVENT CODE. ND1=4• RAY IS BLOCKED BY FACET ON HIT 

TURNTABLE. NJ1=5o RAY IS BLOCKED BY ADJACENT TURNTABLE. 
NDl .r,T.s. RAY GOT AWAY CLEAN. . 

ICHITIIF1=cOUNT OF HITS ON FACETflFI. 
ICHITMIIFl=COUNT OF HITS ON FACET IIFlo NOT COUNTING BLOCKED RAYS. 
IN8LOCCl,Jl=CDUNT OF ~AYS FROM FACET I WHICH WERE BLOCKED BY 

FACET JON THE SA~E TURNTABLE• 
IFqLOCCI.JJ=COUNT OF RAYS FROM FACET I WHICH WERE BLOCKED BY 

FACET JON AOJACE"IT HELIOSTAT • 
"IHF=NU~BER OF HELIOSTAT FACETS. 
ICOD=CONTROL CODE. ICOD,1,l~ITIALIZE. ICOD=2,INCREMENT 
COUNTERS. ICODE=J,PRINT RESULTS • . 

OI~ENSIO"I !CHITllOlolCHITMl!OlolNBLOCllO,lOl,IFBLOC(l0,101 
GO TO 110,100,2001,1coD 
DO 20 J=l• 10 
ICHITIIJ=O 
IC!·ilTMIIJ=O 
DO 20 J=l,10 
IN9LOCCl,Jl=O 
IFBLOCll,Jl=O 
IF(ND1.E0 • 4l GO TO 180 
JFCNDl.E~,51 GO TO 150 
IF(NDl.LTo4l RETUR"I 
NOi IS ,r,T. 5 SO INCREMENT ICHIT ANO ICHITM. 
ICHITINFHITl=ICHITINFHtTl•l 
ICHITMINFH!Tl=ICHITMCNFHITl•l 
RETURN 
CONTINUE 
ND} IS 5 SO INCREMENT ICHIT ANO IFBLOC. 
ICHITtNFHITl=ICHITINFHITl•l 
IFALOCINFHIT,NFBLOCl=lFBLOCCNFHIT,NFBLOCl•l 
RETURN 
co~H INUE 
NDI IS 4 SO INCREMENT ICHIT ANO INBLOC 
ICHITCNFHITl=ICHITCNFHITl•l 
IN9LOCCNFH!T,NFBLOCl=INBLOC(NFHIT,NFBLOCl•l 
RETURN 
WRITE16,?lOI IIFAC,IFAC=l,NHFl 
F0RMAT(////,IOX,7HSUMMARY,2X,2HOF,2X,3HHIT,2X,3HAN0,2X,BMBLOCKAGE, 

1 2Xo~HC011NTS,2X,2H"IY,2Xt5HFACETt///•51(,5HFACET,SX,SHTOTALtlXt 
2 9Hn!TS LESS,5X,~HHITS,2X,7HSLOCKED,2X,2HBY,/,SX,SHINDEXt6Xt 
3 4HHIT~,-X,6H~LOCKS,S15X,1511 

DO 215 IFAC=l,~Hf 
WR Il E 16, ?20 I lFAC, I CHIT I !FACI, I CHITM C IFACI, ( INBLOC ( IFAC,JBl, 

I JB = I • •:HF I 
FO~MAT(l\l~X,l~I) 
WR!TElh,?301 IJFAC,JFAC=l,NHFI 
FORMAT(///,5X,RHOFFRL0C~,2X,7HSUMMARY,//,5X,SHFACETt815X,ISll 
DO 250 l~AC=l•NHF 
WRITElo,2601 IFAC,IIFBLOCIIFAC,JBltJB=l,NHFI 

HJTFAC 
HJTF'AC 
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HJTFAC 
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HJ IFAC 
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HI l F AC 
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21 
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28 
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31 
32 
33 
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260 FORMAT(lO(SX,151) 
RETURN 
Eflii) 

DIAGNOSIS OF PROBLEM 

FTN 4eS•410A 03/21/77 21.51.16 

HJTFAC 
HJTFAC 
HtTFAC 

59 
60 
61 

CARD NR. SEVERITY DETAILS 

21 AN Ir STATEMENT MAY BE MORE EFrICIENT THAN A 2 OR 3 BRANCH COMPUTED GO TO STATEMENT. 
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SUSROUTI~E ROOFIICOO,CONVI 
COMMON/CEILING/NAZZ,I\IRZ,OTAZl2111DRZllOl10D31IZR,IZAZ 
COMMON/JOKfR/URPl31,US1(31,THSL,PH,THSR,THSU,COUNT,WAVLl20!,0RAO 
DIMENSIO~ TOPMAP!Zl,101, DRZAVClOI 

C D03 DAMET£R OF IN FEET 
C TOPMAPCI,Jl FLUX MAP 
C [ZAZ INDEX OF AZIMOUTH ZONE 
C IZR INDEX OF RAOIAL ZONE 
C AZIMOUTH 70NE INDEX FIHST 
C ALL ZONES HAVE EQUAL AREA 
C DTAZIII 70NE BOUNDARY VECTOR(AZZ) 
C ORZ!ll Z1NE 80UNOA~Y VECTORCRAOIAL! 
C NAZZ NUM~ER oF AZI~our~ ZONES 
C NRZ NU~BER OF RADIAL ZONES 
C iAC CODE FOR HIT• IT MUST BE 3 

C 

GO TO <S,S0,1001,ICOa 
5 DELTA= 2.0°3014159/fLOATINAZZI 

NAZZPl = NAZZ•l 
Nl'IZPl = I\IRZ•l 

DO 10 1 = l,NAZZPl 
10 DTAZ!Il = DELTA•FLOATll-11 

C INITIALIZE 
NZONS = I\IAZZ•NRZ 
AZONE = Oo25•1D03••2l/FLOAT(NRZI 
ORZ Cl I = o.o 

C NOTE AZONE NEEDS A Pl A,ovE 
DO 20 I: 2;NRZP1 
DRZAV(I-11 = SQRT( o.so•AZONE • ORZIJ-n••2> 

20 ORZCll = SQRTCAZONE•OHZII-1!••2! 
-AZONE = 3ol4159•AZONE•0.0929/FLOATINAZZI 

C AZONE NOW H~S ITS PI VALUE IN M••2 
DO 30 1 = l,NAlZ 
00 30 J = l,NRZ 

30 TOPMAPll,JI = O.O 
R(TURN 

SO CONTINUE 
C INCQE~ENT MAP CELL 

TOPMAP!IZAZ,IZl'll: TOPMAPllZAZ,lZRl•COUNT 
RETURN 

100 CONTINUE 
C CONVERT TO UNITS ANO PRINT OUT 

00 1 IO I=l ,NAZZ 
DO 110 J:l,N~Z 

110 TOPMAP(l.~l = TOPMAP(I,Jl*CONV/AZONE 
NRZMl = I\IRZ 
WR!TEl6,120l IORZCll,l=l,NRZMll 

120 ~ORMAT l///,SX,&HCAVITY,2X,7HCE1LlNG,2X,3HMAP,///,2lX•4Hf'ROM,lOFIO 
1,2 I 
WRiTEl6,l211 CORZlll•l=2,NRZP11 

121 Fo~~AT (23X,2HTO•l0Fl0.21 
WRITE<~•12?1 ID~ZAV(ll, I = l,NRZI 

122 fG~MAT(2?Xo 3HAV£, lOFl0.21 
WRITE 16,1251 

125 FORMAT (//,4X,4HFROM,4X,2HT0,6X,3HAVE) 
00 200 IAZ = l,NAZZ 
AF~OM: DTAZIIAZl~57.l96 
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ATO = OTAZIIAZ•ll•57.296 Rl)OF 59 AVr: = (AF"ROM•ATOl/2o0 ROOF 60 60 WRITE<6,!30I AFROM,ATO,AVE,!TOPMAPCIAZ,IJ,I=l,NRZ> ROOF' 61 130 FO~MAT (J1ZX,F6.l),1XtlOF10.41 ROOF 62 200 CONTINUE ROOF 63 WRITE(fi,?101 ROOF 64 
210 FO~MATt///,lOX, 9HAZZl~OUTH, 2Xt JHAVE, 2X, 7HCEILING ,2X,4HFLUX> ROOF 65 65 WRITE 16, 1251 ROOF 66 00 300 I=I,NRZ ROOF 67 

.i=,. AVE= o.O ROOF 68 
0 DO 250 iAZ = 1,NAZZ ROOF 69 -.J 250 AVE= AVE• TOPMAP(IAZ,I) ROOF 70 0 70 AVE= AVE/FLOAT(NAZZI ROOF' 71 w 
I JOO WRJTEC6,J301 ORZIJ>, OQZCI•l>, ORZAVCI>, AVE ROOF 72 (Ij - RETURN ROOF 73 I -I ENO ROOF 74 0) ti., 

c.n 
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SU9ROUTINE TMAPIXC,YCtMON,COUNT,NRAYS,CONV•ICODl 
C THIS ROUTI•tE "l,iPS THE YEARLY PERFO~MANCE OF VARIOUS SEGMENTS OF' TH 
C FIELD AROUND THE YEAQ 

DI~ENSIO~ IARYCll,l6ltEARYllltl6l 
IF IICoD.Gr.11 GO TO so 
DO 100 I=l,11 
DO 100 J:l,16 
IARYII,J1=0 

100 EA~YII,Jl=O.O 
GO TO 1000 , 

SO TH~TAZ=ATA~21XC,YCl•S7,3 
If<ICOD.r.T.21 GO TO 66 
If CTHETAZ.LTo0,01 THETAZ•THETAZ•360o 

C TEST THETA-Z FOR IIHICH QUADRANTS 
rovAO= INT <THETAZ/90 .o I• l 
IF ifH~TAZ.GE,31~ •• 0R,THETAZ,LT,45.1 IOUAO2•7 
JF 1THET11Z.GE04S •• ANQ.THETAZ,LT.135,l IQUAO2=1O 
IF (THET11Z.GE,13S •• ANO.THETAZ.LTo225ol I0UAD2•9 
IF (THETAZ.GEo225,.ANO. THETAZ,LT,315.l I0UA02•8 
IARYIIOUAO,MONl=IARY(IOUAD,MONl•l 
IARYllOUAD?,M0Nl=IAllYIIOiJA02,MONl•l 
EARYCIQUAD,MONl=EA~YllOUAD,MONl•COUNT 
EARYIIOUAD?,MDNl=EARYII0UA02,MONJ•COUNT· 
DO 120 J:l,12 
IARYl5,J1=1AP.TlltJl•IARYl2,JI 
!ARY( 6,J1:IARY<~,Jl•JARYC3,JI 
IARYlll,Jl=lARYllO,J>•IAQYC8,Jl 
EARY15,JJ=f'ARYCl•Jl•EA~¥t•,JI 
EA~YI 6,Jl=tARY<2,J)•£ARYll•J> 
EARYllltJl=EARY(l0,Jl•EARYt8,JI 

120 CONTINUE 
00 13fl l=lo 11 
lAP.Yll,lJl=IARYII,ll•IARY(f,Zl•IARY(Joll)•IARYtt,121 
EARYll,t31=EARYll,ll•EARYll,2l•EARY(J,lll•EARYII,1Z, 
IARY I l, l1tl =I'Aln( I ,51·• I ARYt I ,61 • IARY C h7J •lAfU' ll ,e, 
£lqy I I, l 41 =EARY{} ,SJ •E A?.Y11 ,61 •EARY Clt 71 •t:A;:IY Ch8l 
IAQYCl,l5)=IARYC1,31•IARYCl,4J•lARYCl,91•1A-lf'l'(ItlOl 
E-ARY I I ,151 =EARY I I, 31 •EARY I I•41 •EARY1 I ,9) •EARY I 1,181 

130 CONTINUE 
66 IF UCoD.LT,3-) GO To 1000 

DCO!'W=C0•1II /FLOAT Ol~AYS I •O • 001 
DO 150 I=l•ll 
00 150 J:J.15 
EARYIJ,J1=0CONV•EARYCl•J> 

150 COrHINIJE 
00 160 I=l,11 
DO 160 J:13•15 

160 EA~Y<l,l~l = EARYCl,16) • EARYCioJ1 
WRITE 16.200) 

ZOO FOR1'!AT IJH} • ///t.2SX,36HHITS hi EASf NORTH DIVIDED QUADRANTS,///• 
l 3x.SH"IONTH,7X,3Hf/N,6X,4H-E/N,5X,5H-E/-No 
2 6Xt4Hf/-N,4Xo7HN ~IEL0•3At7HS FI£LO> 
.00 10.0 .!=l, 15 

300 WRITE 16,2501 J,IJARYIJ•J>•I•l,61 
250 FORMAT C 5X,I2,6(5X•l51) 

WRITE 16,2l01 
220 FORMAT I ///,Z5X,2dHHITS IN NORTHEAST NORTHWEST 
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SUBROUTINE TMAP 74/74 OPT=l 

l 17HDIVIDE~ QUADqA~TS,///,JX,5HMONTH,5X, 
2 5HNE/NW.SX,6H-N~/~w.~x. 
3 7H-NE/-~W,4Xt6HNE/-NW,2X, 
4 13H-NE/~W+NE/-NWJ 

DO 310 J=l,15 
310 WRITE 16.250) J,<IARYII,J>,I=7,lll 

WRITE <6,270) 
WRITE <6,2301 

FTN 4.S•410A 

230 fO~MAT <!Hlo////o24X,39HENERGY IN EAST NORTH DIVIDED QUADRANTS, 
1 ///•lXoSHMONTH,6X, 
? 3HNE ,lOX,4H SE ,9X,5H SW , 
3 JOX,4H NW ,8X,7rlN fIEL0,7X,7HS fIELOI 

DO 320 J=l.16 
320 WPJTE (6.2101 J• <EARY<I,Jl ,I=l,61 
210 fOP.MAT ( 5X,I2,6(5XtE9.311 

wRITE 16,2401 
240 fORMAT C ////,24X,20HENERGY IN NORTHEAST 

I 27HNORTrlWEST DIVIDED QUADRANTS,///,3X,5HMONTH,6X, 
2 5HNORTH,8X,6H WEST ,BX, 
3 7H SOUTH ,7X,6H EAST ,5X, 
4 l3H EAST + WEST I 

DO 330 J:l.16 
330 WRITE 16,210) J,IEAPYCI,J>,I=7,lll 

WRITE !6,2701 
270 FOP.MAT (,'//,25X,23rll3 IS THE WINTER MONTHS,//,25X,10Hl4 IS THE 

1 l3HSUMMFR MONTHS,//,25X,32Hl5 IS THE SPRING ANO FALL MONTHS, 
l //,25X,29Hl6 IS THE TOTAL YEARLY ENERGYI 

1000 RETURN 
END 

03/21/77 21.51.16 
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SUBROUTI~E CONEIZl,Z2tALltAl.2tANGHITltANGHIT2,ICHITtZZERO> 
C 
C THIS SUBROUTINE SOLVES FOR THE HIT POINTS C2> OF A VECTOR WITH A 
C INVERTED coqE 
C· 
C REQUIRED INPUTS 
C USl-UNIT VECTOR TO BE TESTED FOR HITS 
C 0-VECTOR FROM SAME LOCATION IN SPACE AS USI TO THE BASE OF THE 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

RCONE-AAOIUS OF THE CONE HALFWAY TO 
HTOT-HEir.HT OF fHE CONE 
THECON=CONE ANGLE 

N-UNIT VECTOR ALONG THE CONE AXIS 
UN-UNIT VECTOR U~ A PLANE NORMAL 
UE-UNIT VECTOR sue~ THAT N,UN,UE 

THE POINT 

TO UN 
FORM AN ORTHONORMAL TRIAD SET 

OUTPUTS 
Zl ANOZ2-LENGTHS ALONG CONE AXIS TO THE HIT PLANES 

All ANO AL2-SHORTEST ANO LONGEST LENGTHS OF THE HIT VECTOR 
IUSl ExTENOE~I . . 

ANGHITl AND ANGHIT2-ANGLES FROM UN TO THE HIT POINT IN THE 
PLANE NORMAL TON 

!CHIT-CODE FOR HIT TEST 
0 FO~ HISSING THE CO~E 

l FOR HITTI~G 
DIMENSION RHC1131,~HC21JI 
REAL N 
COMMON/JOK~R/URPIJl,US1131,THSL,PH,THSR,THSU,COUNT,WAVLC20),DRAD 
COMMON /~ALL/ OCOL•SCDELTl311XP,YP,PAX1,PAK2,DCJ) 

COMMON/BABA/STH,CT• ,SEO,OME,OMS,NC3>,UE13l, 
l UNl3loUSIJl,UAl3ltUR(31,THETA,MON,IOAY,SMALR,CAPR•CEQ 
CO~MON/SUPPT/OELTH,THES,KSEG,APH,SW,NSUP,RCONE,THECON,HTOT 
C0MMONITJLTEOITTILT,UVTl3J,Ul13J•U213J,WAPMAX,WAPMIN,OFFSET 
ICHIT=O 
TTCON=TANITHECONI 
OUSUV=OOTEOIUSl,UVTI 
OUVO=OOT,RcUVT,Ol 
ouso=ooT~RIUSl,Ol 
Al=l, 
ZZERO=HTOT/2,0-RCO~E/TTCON 
Fix=ouc;uv•ousuv 
A2:TTCON•TTCON•FIX 
A=U-A2-<"l1 
1:H=2,•ouvo 
~2=2.•0U50•{)USUV 
63=2,0°Z7ERO•TTCON•FIX•TTCON 
B=Rl-82•'13 
CI :[j;JVo•oU'/0 
c2=2.•YJ>1D•ouso•Ousuv 
CJ=DOTFQ1D,01•r1x 
C'-=ZZ[QO•Z7E~O•A2 
C=r:l-C2•':3-C4 
AAD=R 0 1/(4 0 •A•AI-C/A 
IF<HAU,LT,0,1 RETURN 
IC>ill=l 
IF IAli'i(AI.GT,0.00011 GO TO 44 

03/21177 21.51•16 
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CONE 
CONE 
coNE 
CONE 
CONE 
CONE 
C'INE 
COIIIE 
Cr,NE 
Cr,NE 
CONE 
coNE 
CONE 
CONE 
CONE 
cnNE 
CONE 
CONE 
CONE 
CONE 
CONE 
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SU9ROUTIIIIE CONE 74/74 OPT=l FTN 4.S•410A 03/21177 21.s1.16 PAGE 2 

Zl=ZZECIO CONE 59 
2'2=10000. CONE 60 

60 GO TO 46 CONE 61 
44 Zl=-9/(2.0oAl•SQRTCRADI CoNE 62 

22=-B/12.0oAI-SQ~TIRADI C()NE 63 
C SOLVE FOR LE~GYT OF HIT VECTORS CrJNE 64 

46 ALl=IZl•OUVD)/DUSUV CONE 65 
65 AL2=1Z2•9UVDI/DUSUV CONE 66 

DO l O I= l, 3 CnNE 67 
RHCllll=~Ll•USl!Il-Dlll-Zl 0 UVT(II C()N€ 68 

10 RHC21Il=AL? 0 USltll-Dlll-Z2°UVT(ll CONE 69 
C SOLVE FOR HIT AIIIGLfS C()NE 70 

70 Xl=OOTER(R~Cl•UEI CnNE 71 
X2=DOT~RIR~C2,UEI CONE 72 

,i:,. Yl=DOTER(RHC),Ull CONE 73 tel 0 Y2=00TERIR~C2,Ull CONE 74 -.J I 
0 IFIARSIX!l.GT.0.00011 GO TO 100 CONE 75 ~ c.:, 75 ANGHITl=O.O CnNE 76 co 
I 

IF !Yl .LT .O.Ol ANGHI Tl=J.14159 CONE 77 ,__, ,__, 
GO TO 20() CONE 78 I 

i:...:, 100 ANGHITl=ATAN21Xl,Yll CONE 79 
200 IFIABS<X?l.GT.0.0001) GO TO 300 CONE BO 

80 AN(;HIT2=o.o CONE Bl 
l•IY2.LT.O.OI ANGHIT2=3. l4159 CONE B2 
GO TO 40[. CONE B3 

JOO ANGHIT2=ATAN21X2,Y2) CONE B4 
400 lFIANGHITl.LT.O.I ANGHITl=ANGHITl•2.0•J.l4159 CONE 85 

85 lf(ANGHIT2.LT.o.o, AllluHIT2=ANGHIT2•2.0°3.l4159 CoNE B6 
TESTl=OOTEQ(RHCl,UVTl CONE 87 
TEST2=DOTEQIRHC2,UVT) CONE B13 
IFIABSITESTl).GT.o.001.oR.ARS(TEST21.GT.o.0011 WRITEl6,20l CONE 89 

20 F0RMAT(//tlOX,48HHIT VECTOR FROM CENTER Of CYLINDER IS NOT NORMAi_, CONE 90 
90 l 7HTO AXIS.II CoNE 91 

RETURN CONE 92 
EN!) CONE 93 
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SUBROUTINE POLSP2 74174 OPT=l F'TN 4oS•4lOA 

SUBROUTINE POLSP21ACOLoNNU,SPACEF,NTOTAL,GC0VERI 
C THIS ROUTINE INITIALIZES THE PARAMETERS REQUIRED FOR 
C NON-UNIFORM POLAR PACKING. 

DIMENSION AAZl4)tGRCl250,81 
COMMON /JEFF/ UMN5131,PRSl31,N5TOPS,A,8,C,SMAX,RFIELD,TH,ICMH, 

1 IC5H,lFC,IHIT,ICSH2,NCOL,lHOUR,MIN,ELZ,T,TOISX,TOISY, 

2 ~UMAo0UM9,~UMC,UMNN1(31,UMNN2131,UMNl3ltlOHITtNLAT, 

3 NLONG,JLONGoNLATC,RCO,NPAC~oENHM 
COMMON/STRUCT/GAP,~LONG,wSIDE,WTRl,XLTRl,8BDl,BBD2,WCROSS• 

1 WOUM,IFRAM,HTMIR,HTCROS,WJCROS 
COMMON/TABLE/UHV(31,UAXV(31,UXV2(31,RST(31,WFV,NHF,XDf,wD2,wFV2, 

1RH5131,D~LX,OELY,WO,IFV,RR81Jl,UAXVPl31,UXV2PPIJl, 
?.UTTl31oUNNPIJ),UXV2Pl3) 
3,UMNPIJloUMNPP(Jl,F,ALEN,UBEONIJl•IFOC,IDRIVE 

COMMON/M~PS/NR7FtNAZZF,NCl250,8ltSRADl250,81,NPRA018)t0EG 

DO 5 I=l,8 
5 NPRAOII>=O 

NTOTAL=O 
POA=SPACEF•IXOF-WFV) 
CL2=(1~HF-ll*XOF•~FVl/2, 
CLT=2.*CL2oPOA 
CWTH=WO•GAP•2.•WLONG 
Al=NHFow~V•WO/CLT 
AAZ!ll=O,O 
JMAX=NNU 
IFlNNU,LToBI GO TO 70 
JMAX:4 
00 10 I=l,4 

10 AAZIIJ=J.14159/4,•!FLOATlll-l.l 
70 OEG=?..•3 0 14159/FLOATINNUl 

00 200 J:l,JMAX 
SRAOll,J1=RCO 
r=o 

25 1=1•1 
C AllMUTH SPACING GROUND COVER WAS CHANGED BY GA SMITH 9/8/76 

AJ=0.07~•0.5/TH 
A2=0.425+0,012•AAZIJI 
lf(ISRA011,JI/THl,LE.3,41 GO TO 50 
GCOV=O.l?. 
OR:Al/GCOV 
SRAOII+l,J>=SRADII,Jl•DR 
GO TO 110 

50 A4=A2-2.•SRADII,J>•AJ 
Al=-A4/AJ 
Cl=Al/AJ 
ARf,\=81*31-4.*Cl 
IF!ARGl,LE,0.01 GO TO 53 
OR=-ql•O.S-SQRTIARGll/2, 

53 IFINPACK,EQ,41 OR=Al/GCOVER 
8R=l,3334*lSRAO(loJI-CWTH*O,Sl 
C~=l,333~•1SRA1Jll,J1•CWTH•CWTH•CWTH•0,25•CL2*CL21 

0~Drl=-9P~o.5 • SORT(3R•~R•~.•cR>•o.s 
IF(ijR,LT.OQPRI O~=DRPM 
SRAO(l•l.J1=5PAOl!,Jl•OR 
GCoV=A2-Al 0 !SRAOII,J>•SRAO!I•l,Jll 
IF(NDACK,ED,41 uCOV=GCDVER 

C OpoS~AOl!•il, ANO GCOV A~E SET 

03121111 21.s1.1& 

POLSP2 
POLSP2 
PnLSP2 
POLSP2 
POLSP2 
POLSD2 
POLSP2 
POLSP2 
POLSP2 
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POLSP2 
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PnLSP2 
POLSP2 
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POLSP2 
POLSP2 
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PoLSP2 
POLSD2 
POLSP2 
PnLSP2 
Pl)L5P2 
POLSP2 
POLSP2 
PnLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
POL5P2 
PriLSP2 
POLSP2 
PnLSP2 
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PnLSP2 
PnLSP2 
POLSD2 
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PnLSP2 
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21 
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23 
24 
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26 
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28 
29 
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31 
32 
33 
34 
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SU9QOUTINE POLSPZ 74/74 OPT=l f"TN 4.5~4lOA 

110 RNC=DEG*GCOV•(SRAD!I•l,J>*SRAD<I•l,Jl-SRAD(I,Jl•SRADII,Jll/ 
•12.•ACOLI 

NC(I,J)=TNT(RNC•0,51 
C CHEC~ FOQ ~ELIOSTAT WITHIN ZONE BOUNDARIES 

If(NC(J,Jl.LT,11 GD TO f,4 
RTLE=ISRAD<I•l,Jl•SRADII,Jll/2,-CWTH•0,5 
THE2=ATAN21CL2,RTLEI 

59 If(THE2,LE,(DEG/fL0ATl2•NCll,Jl)ll GO TO 62 
NC(l,J>=~C(I,Jl-1 
r,O TO 59 

62 If(NPRAO(JJ ,NE,OI GO TO 64 
NSC=NC(I,J> 
DO 63 IC=l,NSC 
THEI=DEGo((fLOAT(ICI-0,51/NCII,Jl•FLOAT(J-lll 
XI=<RTLE•CWTH*0,51°SIN<THEII . 
YIP=(RTL~•CWTH•o.s>•COS(THEll•TDISY 
OIST=S~RT(X!•XI•YIP•YIPI 
IF<DIST,LE,RFifLDI NTOTAL=NTOTAL•2 

63 COtJT I "IUE 
64 co,n INuE 

DELRAO=SoAOII•l,JI-SRADII,JI 
C RESOLVf FOR GROUND COVER IN THIS ZONE 

GR~II,.Jl=2. 0 ACOL*FLOAT(NC1l,Jl)/IOEG 0 (SRAOII•l,Jl*SRAD(l•l•JI 
•-SPADII•J>~SRAO<I,JIII 

RTLE=RTL~•CWTH 
DTOE=SORTIRTLE•RfLE•CL2•CL21 
lf<DTOF,GT,SRAD(l•l,Jll WRITEl6,901 
If IOTOE,GT,SRAO(I•J,Jll SRAD<I•l,Jl=DTOE 

90 FGRMAT<JoX,24HPADIAL SPACING TOO S'1ALLI 
IF ISRAOII•l,J1· ,GT, (RFIELO•A9S<TDISYI-DELRAD•O,Sll GO TO 6071 
GO TO 25 

6071 IFINPRADIJl,GT,01 GO TO 201 
NPRAOIJl=I•l 

201 If(I,GT,(NPRAD(Jl•lll GO TO 200 
GO TO 25 

200 CONTINUE 
C SET ~EST FIELD RADII ANO COLLECTOR COUNT PARAMETERS 

DO 1100 Jl=l,JMAX 
J2=9-J! 
NLIM=NPRADIJ11•2 
NPRAOIJ2)="1PQAOiJll 
DO 1100 tl=l,NLIM 
SRADII!,J2l=SRAD(Il,Jll 

1100 NCII!,.J21=NCIII,Jll 
JltM=2•J'1AX 
00 1110 Jl=l,JLIM 
NEND=NPRAD ( JI I 
WP.[TEl6,Jl201 JI 

1120 fOPMAT(//t]OXt27HPDLAR RADII IN AZIMUTH ZONE,IS,/1 
WRTTEl6,JIJOI <<I,SRAU!I,Jl)l,I=l,NENO• 

1130 FORMAT(8(1X,2HR(,!3,2Hl=,F6,l•IXII 
WRJTElf,tll40l JI 

1140 FORMAT(//t!OX,J7HPOLAH COLLECTOR COUNT IN AZIMUTH ZONE,IS•/1 
WRITE<6,!ISOI ((1,NC(I,Jllltl=i,NENDI 

1110 CO"ITINUE 
1150 FORMAT(811X,2HN(,I3,2Hl=,15,IXII 

DO 1210 Jl=l,JMAX 

03/Zl/77 21.51.16 

P'lLSP2 
POLSP2 
POLSP2 
PoLSP?. 
POLSP2 
PnLSP2 
POL5P2 
POLSP2 
POLSP2 
PoLSP2 
POL5P2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
PnLSP2 
POLSP2 
PoLSP2 
POLSP2 
POLSP2 
POLSP2 
PnLSP2 
PnLSP2 
POLSP2 
POLSP2 
POLSP.? 
POLSP2 
POLSP2 
POLSP2 
P()LSP2 
PoLSP2 
PoLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP?. 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
POLSP2 
PnLSP2• 
POLSP2 
POLSP2 
PnLSPZ 
PnLSP2 
PQLSP2 
POLSP2 
POLSP2 
PoLSP2 
POLS!-'?. 
POLSP2 
PoLSP2 
POLSP?. 
POLSP2 
POLSP2 

59 
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61 
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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 
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94 
95 
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97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
JOA 
109 
110 
111 
112 
113 
114 
115 

PAGE 2 

l:)j 
I 

-.J .... 



~ 
0 
-:i 
0 

"" I --I 
N 

115 

120 

SUBROUTINE POLSP2 74/74 OPT=l 

NE"1D=NPR11D1Jll 
WRITE 16• 12?01 Jl 

FTN 4.S•410A 

1220 f0~MAT(//t!OX•26HGQQUND COVER IN POLAR ZONE,15,/) 
wRITE16,12401 111,GRCCitJllltl=l•NEND> 

1210 CONTINUE 
1240 fORMATC711X,JHC,Cl,l3,2H>=,FS.3,lXII 

If(NNU.t~.JI NTOTAL=NTDTAL/2 
RETURN 
END 

03/?.l/77 21.51.16 

POLSP2 
PoLSP2 
POLSPZ 
POLSP2 
PoLSP2 
P0LSP2 
POLSP2 
POLSP?. 
POLSP2 
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SUijPOUTINE FRA~E 74/74 OPT=l f:"tN 4.S~410A 

SUBROUTINE FRAME(VS1,VS2,VS3,VS4,VS5,VS6,VS7,ALFRAM,JK,M,ALENGI 
COMM0NtPLANE/IDLAN(7J 
C0MM0N/BcDTST/ALBLOC,ICOO,UHV2C3J,UAXV2(3J 
COMMON /)EFF/ YM~S(JJ,qRSl3!,NSTOPS,A,B•C•SMAX,RFIELO•TH,ICMH• 

l JCSH,lFC,I~rr,rcSH2,NCOL,IHOUR,MIN,ELZ,T,TOISX,TOlSY, 
2 ~U~A,0UM3,JUMC,UMNN1(3J,UMNN2(3J,UMN(3J,lOHIT,NLAT, 
3 NL~NG,lLONl,NLATC,RCO,NPACK,ENHM 

C0MM0N/TABLE/UHV(3J,UAXVl3l,UXV2131,RST(31,WFV,NHF,X0f,WD2,WFV2, 
l qHSC3l,DELX,JfLY,WO,lfV,RRBC31,UAXVP131,UXV2PPC31, 
2 UTTl3l,UI\INP(J>,UXV2PIJI 
3 ,UHNP(3!,UHNPP(31,f,ALEN,UHEON(31,IFOC,l0RIVE 

COMMONIBABA/STH,CT~,SEJ,OME,OMS,N(JJ,UEC31, 
1 UN(3l ,u5(3J ,Ll.~(3) ,URCJ) ,THETA,M0lll,I0AY,SMALR,CAPR,CEQ 

CO~MON /CI'JDEX/ XPCQL,YPCDL,CDSA,CDSB,SLOUM,WCELL,JCELL,JCELL• 
I XCSAV,YCSAV,XCM,YCM,ICELM,JCELM 

COMMON /~ALL/ OC0L,SCDELT(31,XP,YP,PAX1,PAX2,0(JI 

COMMON/J0KcR/URP(3l,U51(31,THSL,PH,THSR,THSU,COUNT,WAVL(201,0RAO 
C0MMON/TJLTEO/TTILT,UVT(3l,Ul131,U213l,WAPMAX,WAPMIN,OFFSET 
C0MM0N/STRUCT/GAP,~L0NG,WS!DE,WTRI,XLTRJ,Bl,82,WCROSS•W0UM,IFRAM 

o,HTMIR,HTCROS,WJCROS 
DIMEIIISIQI\I uROUMlll,U~VOUMl3l,UAXVDUM(3l 
DIMENSION VS1(31,V52{3J,V53(31,VS4(31,VS5131,VS6(31,VS7(JI, 

•~HJT1(3),RHIT2(3l•~HIT3131•PHlT4CJl,RHIT5131,RHJT6(3J•RHJT7(3J 
REAL L,N 
L=0,0 
ALJ=lO,E•lO 
AL2=10,E•l0 
ALJ=!O,E•lO 
ALt.=10,E,ln 
ALS=lO,E•lO 
AL6=10,Eol0 
AL7=10,E•l0 
GO TO Cl0,10,20,301,ICOO 

10 00 11 1=1'3 
UR!)UM I I I =U'H I I 
UHVDUMIIJ=UHVITI 

11 UAXVDUM(Jl=UAXV(IJ 
GO TO 1200 

20 00 21 I=l •3 
UR[)UM I II =USl (II 
UHVDUM(IJ=UHV(l) 

21 UAXVDUHCil=UAXVCI) 
GO TO 1200 

30 00 31 I=! ,3 
UR!)UM CI I =US l (II 
UHVDUMll)=UHV2CII 

31 UAXVDUMITl=UAXV2CII 
1200 ALl=D0JEDIVSl,UHE0~J/O0TER!UROUM,UBEONl 

C TOP FRAME HIT TEST 
IFCALl,LT.0,01 GO TO 50 
0(1 101 l=l ,3 

101 RHITl(Il=ALl•UROUMIIJ-VSlCII 
XH!T=ARScDnTER(UHVOUM,RHITl)) 
YHJT=ARSrnOTfR(UAXV[)UM,R~ITlll 

C CHECK FOR HIT IN ~ED AOU~OARIE5 
JF CXHI T ,r;T, (ALfN*O,SJI GO TO 50 

Uj1~ii11 21.sl.16 

FRAME 
FRAME 
FQA"1E 
FRAME 
FRAME 
FRAME 
FPAME 
fRA"1E 
FRAME 
FRAME 
FRAMF: 
FRAME 
FRAME 
FRAME 
FRAMf. 
FRAMF. 
FRAME 
FPAME 
FRAME 
FRAME 
FRAME 
FRAMF 
FRAME 
F?AME 
FRAM[ 
FP.AME 
FRAME 
FRAME 
FRAME 
FPAME 
FRAME 
FRAME 
FRAME 
FRAME 
fRAMf 
FRAME 
FRAME 
FRAME 
fPAME 
FRAMF. 
FRAME 
FRAMf 
FRAME 
FRAMf 
FRAME 
FRAMf 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAMf 
FF!A.Mf 
FRAME 
FRAMf 
FIIAMF. 

2 
3 
4 
s 
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 
313 
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40 
41 
42 
43 
44 
45 
46 
47 
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SUdROUTINE FRAHF 74174 OPT • l FTN 4e5•410A 0312~177 2le5l•l6 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

lF IYHIT.GT.IWOUH••LONG•o.s,, GO TO so 
C FOLLOWING CHECKS FOR HITS - TRUE IS HIT 

IF IYHIT.GT.l•DUH-•LONG•0.511GO TO 40 
IF (XHIT. r,T. IXOF-wCROSS•0.51 .ANO.XHIT .LT. IXOF•WCROSS•o.s1 I Gt> 1'-0 ·40 
IF IXHIT.LTolWJC~OS•O.SIIGO TO 40 

C CHECK FOR TRTANGLE HIT 
IF IXHIT.GT.IWCROSS•0.5•XLTRI•0.707llll XHIT=ABSIXHIT•XOFI 
lFIYHlT.LT.IXHIT•B21.A'IIO.YHIT.GTolXHIT•8111 GO TO 40 
GO TO c;o 

C•••••• HIT TOP FRAME 
40 lFRAH=l 

JFIJK.NE 0 HI IFRAM=2 
:;o TO 51 

C•••••• CH£CK F~AHE SID~S 
50 ALl=IO.F.:•10 
51 CONTINUE 

AL2=DOTERIUAXVOUM,VS21/OOTERIUROUM,UAXVOUMI 
[FIAL2.LToOoOI GO TO 108 
DO I 02 I =I .3 

102 RHIT2CI),:-vs2111 • AL2•UROUHIII 
YHIT=AqSIOOTER(RHIT2,U~EDNII 
XHIT=A~s,onT~R(RHIT2,UHVOUH)) 
IF IXHIT .$T. IALEN/2. ll GO TO 108 
IF(YHIT.:;T.cwSIOE/2.11 GO TO 108 

C•••••• 1110.2 1~ ~IT 
IFRAH=l 
IF I JKoNE.Ml IFRAH•2 
GO TO lOQ 

108 AL2=10,£•l0' 
lOq CONTINUE 

ALJ=DOTERCUAXVOUH,VSJI/OOTERtUROUM,UAXVOUM) 
IFIALJ.LToOoOI GO TO 500 
00 \OJ I=hl 

103 RHITJCll=-VSJIII • ALJ•UROUMtll 
YHIT=ABSIOOTERIRHITJ,U8£0NII 
XHIT=A~S1onTER!RHITJ,UHVOUM)I 
IF!XHIT.r.T.CALEN/2,11 GO TO 500 
IF!YHi~.GT.tWSIOEl2.ll GO TO 500 

C•••••• N0,3 IS NlT 
lFRAH=l 
IF!J!l',lll£ 0 M) iFRAH•2 
GO TO 510 

500 ALJ=lO.E•lO 
510 CO'IITINUE 

AL4=DOT£Q!UHV0UH,VS41/00TER!UROUM,UHV0UMI 
IFIAl4.lTo0oOIGO TO 530 
00 520 I=l,3 

520 QH(T41Il=-V541Il • AL4•UROUMIII 
XHIT=AR<;10nTERCRHJT4,UAXVDUMII 
YHIT=AHS(DnTERIQHJT4,UREONII 
IF(~HIT,r,T.l(WO•GAP)•0.51. OR,(YHIT.GT,HTCROS•0.51) GO TO 530 

C•••••• ~0.4 Ic; HIT 
IFi::A!o!=\ 
IF(JK,IIIE,MI IFRAH=2 
GO TO 540 

530 AL4=10,E•l0 
540 CO'IITINIIE 

FRAME 
FRAME 
FRAME 
FqAM£ 
FRAME 
FRAME 
FRAHE 
FRAME 
FRAME 
FRAME 
FQAM£ 
FRA"IF.: 
FRAll'lf. 
FRAMF.: 
F«>AME 
FRA"IE 
FRAHI: 
FQA"IE 
FRAME 
f'RA!o!E 
FRAMF. 
FRAM!: 
FRAH£ 
FRAME 
f'RAMF: 
FRAME 
FQAHE 
FRAME 
FRAME 
FRAO!E 
FRAM~ 
FRAM£ 
FQAHE 
FRAM': 
FRAME 
FRAM€ 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FOAM£ 
FRAM£ 
FRAME 
FRAME 
FRAME 
FPAMI'" 
F<1AHE 
FoAHf 
Fl1AP4f 
Fl1AME 
FOAHE 
FQA'4E 
FPA"'E 
FRAME 
FRAME 

59 
60 
61 
62 
63 
64 
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66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
BO 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
llS 
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0 
-J 

115 

120 

125 

130 

135 

~ 140 
I ...., ...., 
I 

II:) 

145 

ISO 

155 

160 

165 

170 

SU~QOUTJNE FRA"IE 74/74 OPT=l FTN 4.5•4l0A 03/?l/77 21.Sl.16 

AL5=00TEOIUHV0UM,VS51/DOTERIURDUM,UHVOUM) 
IF <AL5.LT.O.OI GOT~ 560 
()0 550 I=l•3 

550 RH!T51Il:-VS51!1 • AL5•UROUMIII 
XHIT=AqS(DOTERC~HIT5,UAXVOUMll 
YH!T=A~scnnTER(RH!i5,U9EDNI) 
!FIXHIT.$T.l!WD•GAP1•0.5). OR.IYHIT.GT.HTCROS•0.5)) GO TO 560 

C•••••• PLANE N0.5 IS HIT 
IFPAM=! 
IF (JK.~tE.MI IFRAM=2 
GO TO 570 

560 AL5=10.E•l0 
570 CONTINUE 

AL~=DOTEP(UHVDUM,VS6)/DOTERIUROUM,UHVOUM) 
IFIAL6,LT.O.OI GO TO 590 
00 580 I=l,3 

580 RHIT6111=-VS61II • ALb*URDUM(I) 
XH!T=ABS!DUTERIRHIT6,UAXVDUMI) 
YH!T=A9S(OOTER!RHIT6,UBE0Nll 
!F(XHIT.r,T.IIWD•GAP)•0.51. OR.(YHIT.GT.HTCROS•0,51) GO TO 590 

C•••••• PLA~E ~O.b IS HIT 
IFRA"I=\ 
!F(JK.NE 0 MI IFRAM=2 
GO TO 600 

590 AL<,=10.E•lO 
600 CO"ITINUE 

AL7=00TERIUBEDN,VS71/DOTERIUROUM,UBEDNI 
!FlAL7.LTo0oOI GO TO 620 
Ol' 610 I=l,3 

610 RHIT71Il=-V57l!l • AL7•URDUMlll 
XH!T=AHS1DOTERIRHIT7,UHVOUMll 
YH!T=A9S!DOTER!RHIT7,UAXVOUM)) 

C•••••• CHECK FOR BOTTOM FRAME BOUNDARY 
!F(XH!T.GT.IALEN*0.511 G~ TO 620 
IF IYH!T.GT.JWOUM•WLONG•0.5)) GO TO 620 

C•••••• WITHIN ~RAME BOUNDARY - CHECK FOR ACTUAL HIT 
IF ·1YHJT 0 GT.IWDUM-~LONG•0.5llGD TO 630 
IF!XHIT.GT.(XOF-WCROSS*0.5).ANO.XHIT.LT.IXDF•WCROss•o.5))GO TO 630 
IF (XHJT 0 LT.(WJCKOS•Q.SIIGO TO 630 
GO TO 620 

630 IFRAM=l 
JF(JK.NE 0 MI JFRAM=2 
GO TO 625 

620 AL7=10.E•l0 
625 CONTINUE 

L=AM!Nl(All,AL2,AL3,AL4,AL5,AL6,AL7l 
ALFRAM=L 
!FtL.EQ.Alll IP=l 
IF(L.E1.AL2l lP=2 
IF(L.Erl.ALJI IP=3 
!FIL.EQ.AL4l IP=lt 
IF 1L.EQ.AL5l IP=5 
JF1L.EQ.~L~I IP=b 
IF1L.EQ.AL71 IP=7 
IF IL .r,T. lllE•Olil GO TO 900 
!F(ALENG.LT.ALFRAMI GO TD 900 
JPLANIJPl=IPLANIIPl•l 

FRAME 
f"QA"lf 
FQA"E 
f"RAM[ 
FRAME 
f"PAME 
FoAME 
f"RAME 
FRAME 
f"RAMI:: 
f"RAMI:: 
f"RA"'E 
FRAME 
FRA;.!E 
FRAME 
FRAME 
FQAMf 
FRAMf 
FQAME 
FPAME 
FRAME 
FRAME 
FRAME 
f"RAME 
FRAME 
f"RAMF. 
f"RA"4E 
FRAME 
FRAME 
FRAME 
FRAME 
FRA"4E 
f"RAME 
FRAr-4[ 
FRAME 
FRAMf 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FRAME 
FPAME 
FRAME 
FRAME 
FRAME 
FRAMf 
FRAM!: 
FRAMf 
FRAMF 

116 
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l1t3 
144 
145 
l1t6 
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149 
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153 
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169 
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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 Cormnon 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 

AIMHGT 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 INITCOL 
(ft) 

B2 STRUCT Collector frame geometry constant INITCOL 
(ft) 

C JEFF Cosine of angle between sun and local VECTS 
vertical (Figure 3-2) 

CAPR BABA Mean radius of earth1 s orbit in INITCOL 
nautical miles 

CAVLAT CAVITY Height zone boundaries in the cavity MOON 
(ft) 

CEQ BABA Cosine of 23. 5 deg., the solar decli- INITCOL 
nation angle for summer solstice 

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 FINDIT 

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) INITCOL 

DDBASE DARKLE Diameter of the tower base (ft) INITCOL 
(Figure F-2) 

DDTOP DARKLE Diameter of the tower top (ft) INITCOL 
(Figure F-2) 

DDl CAVITY Diameter of lower disc of annulus INITCOL 
cavity (tower top diameter) 
(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 heliostat field 

AIMPP 

position 

DINTV RANDOM Number of hours per day that are INITCqL 
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 
aimpoint 

DTAZ CEILING Azimuthal borders on the ceiling ROOF 
(radians) of the receiver 

DUMA JEFF Same as A PTOWER 

DUMB JEFF Same as B PTOWER 

DUMC JEFF Same as C PTOWER 

ELZ JEFF Elevation of the sun at a given time MONTE2 
INITCOL 

ENHM JEFF Sum of COUNT MONTE 
MONTE2 

F TABLE Focal length 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 
(Figure F-4) 

HDIF CAVITY Height of the diffu£er (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) 

ICELL CINDEX Field cell index RINDX 

ICELM CINDEX Field cell index FINDIT 

ICMH JEFF Mirror hit flag O - no mirror hit FINDIT 
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 indicate that a ray was FINDIT 
shadowed by a facet 
0 - no shadows 
1 - number of shadow hits 

ICSH2 JEFF A flag to indicate that a ray was FINDIT 
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 

!DRIVE TABLE Option code for facets to be driven on NAMELIST 
a heliostat individually or alltogether. 
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 

--· -·- -·--

!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. IF OCUS= 0 means 
each facet has its own focus. 
IFOCUS=l-10 means there are 1-10 
zones in each of which the facets all 
have the same focal length. 
IFOCUS=11 means flat-mirrors. 

!FRAM STRUCT A flag to indicate whether or not a 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 

!HOUR JEFF Hour of the day run INITCOL 

!JUMP RANDOM Option code for a time point or NAMELIST 
annual energy run 
0 - time point 
1 - time integration 
2 - time point and time integration 

ILONG JEFF Index of azimuth zone hit on the MOON 
cavity wall 

!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 
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FORTRAN Common Description 
Subroutine 

Name Block Defined 
--'-'-"" 

ISRAN RANDOM Initial random seed NAMELIST 

ITl 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=0 
means the facets are toed-in indi-
vidually. ITOE=l-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 zone on the ceiling MOON 

JCELL CINDEX Field cell index RINDX 

JCELM CINCEX Field cell index FINDIT 

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 position, 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 INITCOL 

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 point NAMELIST 

N BABA Unit ray vertical to the ground plane VECTS 
(real variable) 

NAZZ CEILING Number of azimuth zones on the INITCOL 
ceiling 

NAZZF MAPS Number of azimuth zones in field NAMELIST 

NC MAPS Number of collectors in a zone POLSP2 

NCOL JEFF Number of collectors in the field POLSP2 

NDl None Disposition code for a given ray 

NHF TABLE Number of heliostat facets (must be NAMELIST 
4 in this code version) 
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FORTRAN 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 code 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 !RAYS 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 Number 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 

PAXl BALL Tracking error in degrees, for the MONTE2 
outer axis 
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FORTRAN Common Description Subroutine 
Name Block Defined 

PAXlB STATS Mean tracking error, in degrees, INITCOL 
for the outer axis 

PAXlV 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, in degrees, INITCOL 
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 
face slope errors MONTE2 

PHB STATS Heliostat optical parameters NAMELIST 

PHV STATS Heliostat optical paramc.~ers NAMELIST 

RCO 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 

RFIELD JEFF Radius of the heliostat field (ft) NAMELIST 
(Figure F-1) 

RHS TABLE = RRB FINDIT 

RRB TABLE Vector from the ray start point to the INHIT 
heliostat hit point 

RRS JEFF Vector from facet center to hit-point FINDIT 
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 FINDIT 
start point to the point to be checked 
for the closest heliostat 

SMALR BABA Earth's diameter in nautical miles INITCOL 

SMAX JEFF 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 NAMELIST 

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 NAMELJST 
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 (ft) (Figure F-2) NAMELW'r. 

THECON SUPPT Aperture cone angle (radians) INITC0L 
(Figure F-2) 

THES SUPPT The angle between the supports AIMPP I 
' I, 

THETA BABA Latitude of the tower (degrees) NAME'T f<'.:"I' ; .,:.4 • .J • • ,.)." I 

THSL JOKER Mirror surface slope error angle MONTg I MONTF.2 ·, 

THSR JOKER Rotation angle of the sun vector to MONTE ! account for limb darkening MONTE?. ' ; 

THSU JOKER Rotation angle of the sun vector to MONTE I 
account for limb darkening MONTE~~ I 

I 
TIMET None Time of the toe-in setpoint NAMEIJ.S'I' J 

\ 
I 

TPB STATS Heliostat optical parameter NAMELJSTI 

TPV STATS Heliostat optical parameter NAMEL,JS'T i 
TSB STATS Mean of mirror surface slope error NAMEJ,IS"f 

(degrees) 

TSV STATS Variance of mirror surface slope NAMELJS'T' 
error (degrees) 

TTILT TILTED Tilt of the aperture cone axis INI'TC0C 

UA BABA Vector at 235 deg in north-south INI'fCOL 
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) INTEN 

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 OFFRT_,QC 
heliostat outer axis (Figure 3-25) 

UlVIN JEFF Nominal unit mirror normal vector MIRRN 
(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 PLRT3 
for both axes tracking errors 

UMNS JEFF Same as UMN for the hit heliostat FINDIT 

UN BABA Unit vector in the local north direc- VECTS 
tion (Figure 3-2) 

UNNP TABLE Mirror normal at hit point with slope PERT.·~ 
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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FORTRAN Common Description Subroutine 
Name Block Defined 

URP JOKER The sun's perturbed unit ray based PTOWER 
on where on the sun the ray ortginated 

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 mirror 
surface 

lJTA..:tG TOE Unit vector along path from heliostat MIRRN 
center to the aimpoint 

UTT TABLE Unit vector tangent to the hit point PERT3 
mirror normal 

Ui.'2 TABLE Unit vector tangent to the hit point PERT3 
mirror normal 

UVT TILTED Unit vector along the cone axis AIMPP 

.UXV2 TABLE Unit vector perpendicular to the facet TRIADS 
axle in the plane of the facet 

u;v2P TABLE UXV2 rotated for the outer axis PERT3 
tracking error 

UXV2PP TABLE UXV2 rotated for both tracking axes PERT3 
errors 

~ ~~;1 TILTED Unit vector normal to cone axis and AIMPP 

'J2 

in north direction 

TILTED Unit vector normal to cone axis and AIMPP 
in east direction 

WAPMAX TILTED Maximum aperture width (ft) NAMELIST 

WAPMIN TILTED Minimum aperture width (ft) NAMELIST 

WAVL JOKER Wavelengths of solar spectrum 
divided in equal energy bands 

INITCOL 
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FORTRAN Common Description Subroutine 
Name Block Defined 

WCELL CINDEX Width of a cell on a field with rec- INITCOL 
tangular ce Us (ft) 

WCROSS STRUCT Width of the frame cross beams (ft) NAMELIST 

WD TABLE Width of a mirror facet (ft) NAMELIST 

WDUM STRUCT 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 

W'l'RI STRUCT Width of the diagonal braces in 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- RINDX 
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 FINDIT 
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- FINDIT 
stat center 

YCM CINDEX The north-south coordinate of a FINDIT 
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 FINDIT 
test plane from which a test ray 
originates 

YPCOL CINDEX The north- south coordinate of a FINDIT 
heliostat center 
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APPENDIX D 

INPUT INSTRUCTIONS 

All input to this program is in the form of NAMELIST input cards. 

'fhe 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,MDN,IDAY,T,IJUMP,ITl,NRUN,ISRAN, 
2 PAX1V,PAX2V,SCDELT,NLDNG,NLATC,GC• VER,RC• ,RC• NE,HCAV, 
3 SW,NSUP,DD3,NRZ,NRZF,NAZZF,WD,WFV,XDF,NPACk,SPACEF, 
4 IDRIVE,NNU,WAPMAX,WAPMIN, •FFSET,WL•NG,WCRDSS,WTRI,GAP, 
5 XLTRI,HTMIR,HTCR•SS,WJCR•S,IT•E,IF•CUS,TAZT,fELT, 
6 MONT,IDAYT,TIMET 

Appendix C, glossary of variable names, and Appendix E, input default values 

ai:id 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. The 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 example: 

WD=7.33,WFV=7.33,~DF=11,73,PAX1V=.1146,PAX2V=,1146,GCOVER=0.3,RFIELD=95Q., 

0 D O O O D D O O C D O O O O O '.' 0 0 D ~· '.' D O O " •• i O O O O O O D O O :· 0 D O O ... :· 0 0 ; 0 0 0 D O O O O O D O O D O O O O O O O O O O O D O O O O D D I 
1 1 : I S I I I I 11 II 11 ll II H li !1 'l :s ;J 11 11 1l 2, 15 ii 21 ll 11 :1 J1 l2 ll JI JS ~- ll ll 19 ID U O U '' c~ '' '1 a ti 5D ~I S1 53 s, 55 ~ 51 ~· 59 60 ii U U U I) ~ U 61 U !~ 11 12 1) ,. 15 JI n rt J 

all input variables have a default value, thus those not appearing on these 

input cards, but listed in the NAMELIST dictionary, are set to the default 

value. 

There must be one group of NAMELIST input cards for each design option to 

be investigated. For example: 

CHANGE i'iPACl<.=4, IR/WS::15CO,R.CONE.=-1S., IFOCUS'=i, 

a I o o o o o o o o o o o o o b 1• o o o 11 
" o o o 1• 

1
' " 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 o o 

t t l ~ 5 I l I t II II 12 IJ 14 15 16 ,; 15 19 1J ,~ n ll 2, 15 ii 2i zi H 11 JI l! ll 3, 35 !, ]I 1i ;~ 19 0 41 ,i ,; ·~ ,, Cl U O 5; 51 ~, 5] ~ 5~ 55 :ii ~s )1 U 51 ,~ Ll U 5) " ii ii H ·: ,, U 13 H 15 ,, . 1 ,, , 

· • • 1 1 I 1 I I 1 1 1 I I I I 1 
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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 42 ft >0 

GAP o. 25 ft >o 

GCOVER 0.3 0-1 

HCAV 46. 1 ft >0 

HTCROSS o. 833 ft >0 

HTMIR o. 833 ft 

IDAY 21 1-31 

IDAYT 21 1-31 

!DRIVE 1 1, 2 

!FOCUS 0 0-11 by integer 

!JUMP 1 0, 1, 2 

!RAYS 2 Integer> 0 

ISRAN 27641 Integer random II > 0 

ITOE 0 0-11 by integer 

ITl 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 8 only 

NPACK 5 4, 5 

NRUN 10 Integer >0 

NRZ 5 1-16 

NRZF 7 1-16 

NSTOPS 11 Integer> 5 

NSUP 3 Integer> 0 

OFFSET 0 

PAXIV 0.05 >0 

PAX2V 0.05 >0 
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Variable Name Default Range 

PHB 0 

PHV 0 >0 

RCO 120 ft >0 

RCONE 20 ft >0 

RFIELD 826 ft >RC0 
SCDELT 0 

SPACEF 1. 1 >0 

SW 2 ft ~ 0 

T 12 hr 0-24 

TAZT 3. 14159 rad 0-2TT 

TDISX 0 ft 

TDISY 0 ft 

TELT 0. 4948 rad 0-2TT 

TH 392 ft >0 
THETA 33 deg -60 .... +60 

TIMET 12 hr 0-24 
TPB 0 

TPV 0.05 >0 
TSB 0 

TSV 0.05 >0 

WAPMAX 24 ft >0 
WAPMIN 18 ft >0 

WCROSS o. 385 ft .? 0 

WD 10 ft ~o 
WFV 10 ft .? 0 

WJCROS o. 224 ft .? 0 

WLONG o. 48 ft ~o 
WTRI 0.177 ft ~o 
XDF 16 ft >WD 
XLTRI 4. 681 ft ~o 
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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 integration 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. 

Figures F-1 and F-2 show the field layout with tower location and the receiver/ 

tower configuration. Any variable shown on the input 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 

40703-II-2 

>z_ RECEIVER 



F-4 

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 zones, heliostats are arranged in concentric 

arcs. "Polar radii in azimuth zone n" are the distances from the tower 

center to the heliostats1 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. 

5. 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 wave lengths of equal energy bands for the solar spectrum. 

7. Continued summary of variables describing the field. 

8. Plant locations, date and time of operation. 
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Figure F-4. Heliostat Model (not to scale) with Associated 
Unit Vectors and Variable Names 
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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 falling 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 were blocked by a different part of 
the same heliostat. 

"OFFBLOCKS" are reflected 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, offblock 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-5 is a diagram of the flux map structure 

of the receiver walls and roof. 

24. Summary of flux on the cavity walls. Columns one and two show the 

range of the wall covered. Column three shows the average flux in this 

ring per square foot. Columns 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 time point MWH /M2 for time integration) over 

90 equal area zones of the roof. The zones are divided into four radial 

sections 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, MWH/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 /M
2 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 from heliostat to 

heliostat as we U as facet-to-facet shading. 

31. A map of flux lost due to heliostat-to-heliostat shading. Units are KW 

for time point and KWH 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). 

35a, 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 10x10 rectalinear 

array. 

*>l<>'.c~<additional output for time integration run**>i'<* 

37. A map 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 is 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. 

See Figure F-8 for explanation of quadrant system. 

Figu:r;: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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11111 Tl AL ~ANOQ'4 SFEO= ?7Ml NU~~ER o~ ~u~s ~fM HATCH= 10 (1) 

INITIAL CAVITY DIAMETER (Does not appear In this samµle) 
(2) 

POLAN MADI I IN A71'4UTH ZnN• (3) 

RI 11• 165,n HI ll• •~1-~ Ni JI• lqH,J QI 4)= 215,1 HI iP1 132,U HI 6) • 24Q.) HI 11. lM,J Ill 81• ?HJ,6 
Ill 91• 301,2 ~I 101 • 118,q NC 111 • 3'6,1 ~I 12) • )~4.7 NI Ill• 372,9 RI ,,., • )91 •'2 NI tSJ: 4011.8 Ill .,,,. 1t21t.s 
Ill 171• ltlt7,4 '<I 11JI= ,.,.6.,., NC )9)• ,. .. ~.9 H 201= 505,lt HI 211• ~2s.2 ~I i21• 54<;,2 .. , iJ'l111: c;~c; ... Ill ?.4)• 58~,9 
Ill 151• 606.~ ~I ?.61 z 6?7,h QC ?11 • b48.8 Ill 281• 670,4 Ml il"~I• 692,i Al Jn1 =· 714.4 HI 11 I= 73~.8 Ill ,21 • 75'1,6 
RI 131• 18l,B HI )ltl• Rf!fhl HI 151• 810.2 ~I JtJI a: 8,,..s Al )7)• 879.3 ~I J8J• Q04.5 NI ,9, = 9Jn.1 RI 40•• 9Sb.l 
111 411 • 983,0 HI lt21•10JO,J NC :.J1a:10,~.2 ~I 44)=106be1 NI lt~l•l096,0 HI lt61•lll~.O NC ,.,, •• ,c;,,.s ~I lt81•118H,5 
Ill 491•12ll,l '" '!IOI s=l,?c;,..c, NI '\11•12"9,7 ~, S?JclJl5.9 Al 

POLAH COLLECTOw COUNT IN A:,IMUJH /OIIIE 

'" 11• l. NI 21• I '" 11 = ? ~, .. , = l NI 51• 1 NI 61 • J NC 71 • 3 NI 81= 3 
NI 91• J NI I 01 • 4 "' llJ= 4 NI l.!1 = 4 NI 131 = 4 NI 141 = 5 NI 151• 5 NI 16 .. ~ 

NI 17)• 5 NI lRJ= 6 NI 191 = ~ •II 20 I• b •II 211= 6 NI 221• 1 NC 231• 7 'II 24)= 1 
NI 251 • 7 '" 261= 8 NI ?7pr M NI 2Hl= 8 NI 29) a 8 NI 30 I• 9 NI 311 • 9 NI 321= ~ 

NI 331• 9 NI )4) :s 10 NI )5) = In .. , )bl= 10 NI J71= II NI 381 • 11 NC 391&: 11 NI 401= 11 
NI 1tl I z ll NI 42Jz 12 NI 4:l Is I? .. , 441: IJ NI CtSJ= 13 NI lt61= 14 NI 47l• lit '" lt81= lit 
NI ,.q,. 15 NI SOI= 15 NI ;1,= ·~ .. , ,~, = 16 NI 

POLAN RADII IN All'4UTH ZnNF ? 

Al II• 165,0 HI 21• 1~1 ... RI J1• 197,~ ., ltl • 214,) Al ~•= 230,8 Ill 61• 247.4 RI 71. ?64,2 qc 81• 281,l 
RI 91• 29d,2 HI 101 • 1,~.~ HI J l I= 33l,ft ~, 121= 350,J AC 131 • 367,9 RC 141• 38<;,8 NI 151 • 403,8 Ill 161• 4U,O 
Al 171• ltlo0,3 HI 181• 1tr:;a.14 NI J91= lt77,6 al 201 • 496,5 Al 21 I• 515,6 Al l21• S34,9 HI ,3,. C:..ljlult q( ?ltl• 571t,Z 
AC ?SJ• 591t,l NI 261= 614,l Ill ,1,. 614.8 ~I 281 = 1>55,S RI 2'911• 676,5 Ill JOI• 697,7 RI ,1 ,. 719,2 qc 321• 741,1 
Ill Jll • 763,? NI 341= 7M5,~ RI '3S1= Etns.c. qr 361• 831,S NC 371• 855,0 Al J8Js: 8711.9 NI '91 • <>Dl,2 RI 401• 921,9 
Ill 1tll• 953,1 HI 4i.'I • 978,i:' RI 4)1•1004,9 oc ,.,., =l 031 ,6 Al 1t51•1058,B RI 461•108,,,7 RI 471•111~.2 qr 4fU•ll44,4 
Pl 49)slt74,3 HI S01•120S,I NI ~••=1216,7 Ill S2l•l269,l ~I ,;31 •1303,0 RI 

POLAR COLLECTOR COUNT IN A71'4UTH lONE ? 

NI II• l NI 21= z NI 31 • ? .. , 41• 2 NI SI• NI 61• J NI 71 • J NI 81 • J 
NI 91• ) NI 101• It NI 111= 4 ~, Iii= 4 NI 131 • 4 NI 141 • s NI 151 • s NI 161• 5 
NI 171• s NI IAI• 6 Iii 1q1= f. .. , 2U I• 6 NI 21 •• 6 NI 221• 6 PH 231• 7 NI 241• 7 
NI 251• 1 NI 261• 1 NI l7JIII " .. , 21::n= d NI 291 • A NI 301 • ~ NI 311• 9 NI J21 • 9 
NI 331 • ~ NI 3"1= 9 "' 151 • 10 '" )bl• 10 .. , 371 • 10 NI JBI = II .. , 391• 11 •11 ltOI• II 
NC .. u. II NC •.?>• 12 NI 431= I? NI 

""' = 
12 NC ltSI• 13 NI Ct61• 13 NI 471• IJ •11 481• lit 

NI •'II• 14 NI 501• 14 NI <;II• 1,; NI Sll= IS NI 531• 16 NI 

POLAR RAOII IN ,11 .. urH ZnNf 3 

Al I I• 165,0 HI 21• l•l ,6 RI 31 • 1Q7,A ~I .... 213,8 RI s1• 229,9 AC 61• 246,2 RC 71• ?6~,5 q( 81• ?1'1,0 
RI 91• 2'15,7 ~I IOI s 312,lt HI 111:i= l?'!l,4 ~, I 21 • Jltb,4 Ill Ill• 36),1, RC 141• 380,9 RI 151= w~.,. qc 161• 1tl6,l 
RI 171• 433,9 NI IAI • lt~l-9 NI }9p~. 1t70,0 ,c 201• 48R,4 HI 211= 506,9 RI l21• Sl''i,6 HI ;,JJ= 544,S ~, ?41• SltJ,6 
RI ?St= 582,8 NI ?.61 • bD2,l RC )71 = 622,1 ~· ZR>= 642,0 HI 291• 662,2 Ill 301• 6A?,6 RI "41 I• 703,3 ~c 111• 721t,2 
Al 331 • 71t5,4 HI 3,.,. 7,,6,Q RI ,s, = 7AH,7 ~, 161= 810,8 RI 171 • 833,2 RI J81• 85,,,0 NI -'91• ~79,1 ~c 401• 90i.S 
Pl 41 I• 926,4 NI 42, = 9c;t)." NI 431= 97S,3 ~I lo1tl =I 000,lt Al lt51•1026,0 Ill 461 •105?, I Ml 47ta:tn7A,1 ~· loRl•ll05,9 
RC 49t•llll,,. HI 501•111,2, I Ml <;I I =I lql ,2 qc 521=1221,1 Ill 5Jl•l251,7 Al !oltl•l281,J HI 5•1=1315,7 qc 

POLAN COLLECTOR COUNT IN A11'4UTH ZO"E J 

NI II• 2 NI 21• 2 NI JI• 2 ,., .. ,= 2 NI ~·· J NI 61 • 3 NI 71• 3 Nl 81• 3 
NI 91• J ,er I 01 • 4 1111 111• 4 NI Iii= 4 NI 131• 4 NI 141 • s NI 151 • 5 NI 161• 5 
NI I 7> = , NI IAI• 5 Nl }9p: h ~, 20)= b NC 211• ,, NI 221 • 6 NI 231• 1 "' 241• 7 
NC 251 • 1 NI 261 • 1 NC ,?71 • 7 NC 21:U= 8 NI l91 • A NI 301 • 8 NI 311• A "' 321• 9 
NC 331 • 9 NI 34) s ~ NI JS1 • 9 ~, lbl = 10 NI 371• 10 NI 381• 10 NI )91 • II NI 1tOI• II 
NI 411:S 11 NI 421 = II Nl 43) = I? ~I .... ,. ll NI 1tSI• 12 NI lt6)= 13 NI 471 • 13 "' 481• 13 
NI lt91• l1t NI SOI• lit NI ,11• 14 "' :;~, = IS NI 531• 15 Nl ,,.,. 15 NI 551 • 16 NI 

POLAR RADII IN AZl'4UTH ZON< 4 

Ill l l • 165,0 HI 21• IAl,6 NI 31 • 1~7.8 RI 41• 213,6 NI SI• 229,lt Ill 61• 24<;,J Ml 71• ?61,2 IIC Al • 271,J 
111 91• Z9J,6 MC 101 • 109,Q HI 11, c 3?6,4 RI 121• 343,0 "' Ill• 359,8 Ill 141 • 37,,,6 Ml !SI• 193,7 ~c 161• lol0,8 
RI 171• 428,2 Ml 181 • ltlt5,~ RI ]9p1 lt63,J ~, 201• ltHl,0 Rl 211 • lt99,0 qc 221• 517,1 RI ?31• ,;35,4 ~, ?41• 55J,9 
RI ?SI• 572,6 NI 261• 591,lt NI ;,Jp1 610,5 ~I 291• 6l9,7 RC 2YI• 61t9,2 111 JOI·• 66A,9 RI ,a,. 1,8R,8 ~I 321• 708.9 
QI 331 • 729,3 RI 341• 7419,Q NI 351• 770,8 ~, 361• 792,0 111 llt• 813,lt QI 381• 1135,2 RC '19t• __ i;,.2 RC 401• 111 ... , 
RI 411• 902,J RI 421• 9;tS,3 Ill 431 • 'ilt8,7 QI ,.,.,. 972,5 RI 451• 996,t» RC 4"1•1021,2 Al 47) :i:::tft46,J RC ltlll•I071,8 
Al 491•1097,8 Ml 501•11?4,l RC '\11•1151,4 HI S21=1179,l RI ii;:.,1 • 1207,lt RI !>41 •1136,lt HI <;51 • 1?61,,I Re 561•1296,6 
Al ,71 •IJ28,0 Ill 

POLAR COLLECTOR COUNT IN A71'4UTH ZONE • 
NI II• ,. NC 21= l Nl .11 • 2 Nl .... 2 NI SI• J NI 61 • NI 71• J NI 81• 1 
NI 91• J NI 101 • It NI 111• It NC 121• It "' Ill• It NI 141 • 4 NI 151• 5 ~Cl 161• ~ 
NI 171• !, NC 181• 5 NC l'U• 6 NC 201• 6 NC 211• ,, .. , 221• 6 Ne 231 • 6 NI i4) • 1 
NI 251• 7 NI 261• 1 NI ;»71• 7 NI 21U• 8 NC 291• ~ NC JOI• 8 NC 311 • B NI )21 • 9 
NI 331• .. NI 341• 9 NC 151• 9 ~, JOI a 9 NI 371• 10 NI 381• 10 .. , 391 • 10 NI ltOI• II 
NI ,.., . II NI 421• 11 NI 431 • II 1111 ,. .. ,. 12 NI 451• 12 NI lt61• 12 '" 471• 13 NI ,.,,. 13 
NC 49)a IJ NI 501• 13 .. , 511• lit ,., Sll• lit NI SJI• 14 NI 541• IS NC 551• IS NI 561• 16 

/NI 571• 16 NI 
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POLAR RADII IN AZl"llTH ZONf '5 

RC I l • 165.o RC 21= 1~1-~ MC 31= )Q7.8 QC 41• 213.6 RC 51= 229 •• RC 61• 2 .. c;.J MC 11= 2~1.2 QC Bl• 211.J 
RC 91• 293.6 MC 10, = Jn9.9 RC 111• 326.4 QC 121= 343.0 RC IJJc 359.8 RC lltJ= 37,-..6 MC .~,= 191. 7 QC 161• •lo.a 
RC 11, = 428.2 RI 181 • 445.t, RC l'ill= 463.3 ~· 20,= 481 .o MC 211• 499.0 RC .!2)= 517.1 RC ;;,J). <;3~.4 RC ~,.,. 55Jo9 
RC ;t5) = 572.6 RC 261• 591.4 RC 27 I= 610.5 RC 28)= 62Q.7 RC 2~) = 649.Z RC JOI• 66~.9 MC ,u 'II ~""·" RC 121• 10tt.9 

RC 33)• 729.3 RC 34)= 749.9 RC )51 = no.a QC 361 = 1'12.0 Q( ]71 :II Bil.'+ RC 38)• 83<;.2 RC w, = ~51.2 ~( 401• 1117"1.6 

RI •ll• 902.3 RI 421= 9?5.J RC 43)= 948.7 ~· 441= 972.5 PC 4~1= 9'i6.6 we .,,,=1n21.2 MC 471=Jn4,-..J ~· ltAl•l071.8 
RC •9l•IO'i7.8 MC 501•1124•3 RC c;J >=ll~t ... "' 521=1179.1 HC 531•1207.4 RC ~41•11.'Jfol.4 RC iiSl=t,66 • l QC 15~)•129&.6 , .. 571=1328.o RI 

POLAM COLLECTOR COUNT IN All .. UT~ ZONE 5 

NC 11 = 2 NC 21= 2 NC 3)= 2 NC ,., = 2 NC 51• 1 NC 61= 3 NC 71 • 3 ... Al• 3 
NC 91• 3 NC lOJs It NC ll l * • NC 121 = 4 '" lJJs 4 '" 141= • NC 15)• 5 ... 16):a: 5 
NC l n = s NC 181= 5 NC 191• ~ NC 2'0 I= 6 NC ZII• ,, NI 221= 6 Ne 231• 6 NC 24h: 7 
NC 25)·= 1 NC 26)= 7 NC 27)s 7 "IC 2~, = 8 NC 291= A NC 301 • B Ne lll= 8 NC 321=- 9 

NC JJJ a 9 NC 341 • 9 N( 35) = 9 NC )bl= 9 NC )7) II 10 NC 381= 10 NC 39)a:: 10 •JC 1tO)• II 
NC ,..,. II NC 1t2)= II NC 431= II ... 441= 12 NC ,.~, s 12 NC lt6)= 12 NC 47) • 13 NC ct81 • 11 
NC 491= 13 NC 50)= 13 NC 5ll= 14 NC 52)• 14 NC 531• 14 NC 541 • 15 NC 5~1• IS ... 561• 16 
NC sn= 16 NI 

POLAR RADII IN AZI .. UTH MN< h 

RI 11 = 165.0 MC 21• 1Rlo6 RI 31 • 101.9 QC ••= 213.8 RI SI• 229.'i RC 61• 2•~.2 Ml 7 I= ~6~.s RI Bl• 21 ... 0 
RI 91= 295.7 wl IOI• 312•• RI 11,= 32 .... Rt 121 • 346.4 RC 131= 363.6 RI l4J • JBo.9 RI J51= ]9Re4 QC 16J• 4llhl 
RC 171= 433.9 ~· 181= 4151•9 RC I9P• t,70.0 RI 201• 48P.4 RI 211• 506.9 RI nl• 52<;.6 Ml ?3). C,44.S RI ?4J. 56J.6 
RC ?5)• ss2.e RC ?61= 602•3 RC ?7J a 6U.l •1 2SI• 64?.. 0 RC 2~, = 662.2 RI lOJs. 68?..6 .. 1 111 • 701.3 RI 121• n ... 2 
RI ]31 • 745.4 •• 341 • 1,6.9 RC 151 = 7AA.7 •• .161 = 810,8 "I )7J= 833.2 •• JIU= lilS,,,.O ... ~9Ja ~74.l ~· 401• 90~.s. 

Pl c.lJa 92'6.4 t>C 421= ~~0.6 RC 43):S 975,3 •c 441=1000.4 RI 451=1026.0 RC 461 •105?.. I WI 47JaJn7lil.7 QC 48Jauo,.4' 

RI 49Jalt33.6 l>C 501•11~2,I RC 51 I •I 191 .2 •I 521 =1221, I PC 531=1251.7 RC !>41 =1281,3 we 551 •111<;. 7 ~· 
POLAM COLLECTOR COUNT IN All .. UTH ZON~ 6 

NI 11 • 2 NC 21= 2 NC 31• ? NC 41 = 2 NC 5)= NI 61= 3 NI 71 = ] NI 81• ] 

NC 91• 3 NI 101 a " NC 111= • NC Ill• • NC 131 * • NC 141 • 5 NC 151• 5 "II 16)• 5 
NI l 71 • 5 NI 181 = 5 NI I9pr. ' 'II 201 = 6 NC 211= 6 NI 221 = 6 NI 231= 1 ,,c 241• 7 
NC 25)= 1 NC 261= 7 NI 2'7)2 7 ... 2b) = A NC 291 = A NC 301= 8 ,.I 311 2 8 "IC 321• 9 
NI 331 a 9 NC ]4)S 9 NI 351 11 q "II lb)= 10 NI 311• 10 NI 38):a: 10 NI J'H= Ii ,u 401• 11 
NI •I>= II NC 42)= II 1111 431= 12 NI ,.,.,:r. IZ NC 45)• 12 NI lt61 = 13 NC 47111: 13 •11 48111: 11 
NI 1t91= 14 NC 501= lit NC 511= •• NC 521= 15 NC SlJ= IS NI 54111 15 NC 551= 16 'IC 

POLAR RADII IN AZIMUTH Z~NE 

RC 11 • 165.0 Ml 21• IAl.6 RI 31= 197.9 RC ltl = 214.3 we !>I• 230,8 RI 61• i!"-1.4 WC 7h 7-11,4.2 QI 81& 2Hl, I 
RI 91• 2'i8.2 WC IOI= 315.4 RC 111• 332.A •• 121 = J50.3 RI 13) = 367,9 RC 14)2 38<;.8 RC 151= .. 01.8 QI lflt• 421!,0 

RI 171= 440.3 MC 181 = 458.~ HI t9J= 417.6 • I 201= le96.S RI 2U= 515,6 RC l21= 534.9 we ?J) = c;i;4 ... ~I ?4) • 51 ... 2 

RC ?51= 59"•1 RC 261 = 61••1 Re ~7, .. 634ed •1 281 = 655.5 RC 2'1)= 676.S Re JOI= 697.7 Ml ll I• 11ci.2 Rt 321• 1t,lol 
RI ]31• 1630? MC ]41 • 1as.~ Mc 151 • 808,4 Pc 361 = 831 .s MC 371 = 855.0 RC .t8J a 87,-,.9 Ml )9) a: 903•2 •1 ,.01• 9z,., 

RI 4l)Z 953.1 RC 42')= 978.8 l>C 431•10040'1 •c ·••=10J1.6 RI 4~1•1058.8 Pl 461 •1086.1 RI 4 712) 11c;.2 •1 t,~1•114<,.4 
RI 491 = 1174. 3 RC 5Ql•l205•1 R1 SI 1 •1236• 1 •c S21=I2bQ.3 RI 531•1303.0 RC 

POLAR COLLF.CTOR COUNT IN All .. UTH nNE 7 

NC II• 2 NC 21= 2 NC 31• 2 NI 41 = 2 NC 51= 3 NC 61• 3 NC 71 = 3 NI Bl• J 

NC 9)• 3 NC 101= • NC 111• ,. NC 121= 4 NC 131 = 4 NI l,.J a s NI ISi• 5 NC 16)2 5 

NC 171= s NI 181= 6 NC 191= 6 NC 20 I• 6 NC 211= 6 NI 221= 6 NI 231• 7 ... 24)• 7 
NI 251 = 7 NI 261= 7 NC 271= A NC 2bl ::t 8 NC 29)• A NC 30) = 8 NI JP a:: 9 NC J2l• 9 

NC JJ)a 9 NI 341= 9 NC 151 • 10 NI 361 = 10 NI 371= 10 NC 381 = II NC 391=- 11 NI «.OJ• 11 
NC 41> s II NI 421= 12 NC 43) = 12 .. lt4) = 12 NC 1tSJ = 13 NC •61 • 13 NC 47Ja 13 'II ,.e, • 14 
NC lo9)= 14 NI 501• 14 NC 511= IS NI 521 = 15 NC 531 s 16 NC 

POLAR !!ADIi IN AZl,.UTH Z~NF 8 

RC II• 165.0 RC 21 = IAI 06 RC 31 = 198.J RI ., = 215. I RC !>I• 232.0 RI 61= 24•.l we 11. 266,3 RC 81• 28J,6 

RC 91• 301.2 RC IOI= 318.9 RC I I J = 336.1 QI 12) = 354.1 RI 13)= 372.9 RC 14)• 391 .2 RC J!>I = •o•.8 RC )6)• 42H.5 

RI I 71 = 447.4 HC 181 = •66.6 RC 191= ft85.9 QI 20)= sos.• RC 2U= 525.2 RC 221= 54<;.2 RC >31= ~6~ ... RC Z4l• Sh,9 
RI ;;,SJ s 601>.6 l!C 261= 6n.~ Re ;;,71= 648.8 QC 281 • 610 .4 RI 291= 692.2 RI JOI= 714.4 RC 111= 71,,.8 RC 321• 75'1.6 

PC 33) = 782.8 RC 31tl= 806e) RI 151= 830,2 QC 361= 854.S RI 37) = 87'1.J RI J8J • Q04.S RI 191= 930.1 "' 401= 9':»b.3 

RC 1tl>11 983.0 RI 421•1010.3 RI c.J,=1038.2 QC 44)=1066.7 RI •~• =1096.o RI 461 =112~.o RI .1,.11s~.8 RC 48I•118H.S 

RC 491•1221.1 RI so,=1254.9 RI SI 1 •1289. 7 RC 521=1325.9 RC 

POLAR COLLFCTOR COUNT 1,; A71 .. UTH ZONE 8 

NI II= 2 NI 21 = 2 NC 31 • 2 NI 41= 2 NI 51= 3 NI 6)= 3 NC 71= J NC 81• 3 
NI 91= 3 NI 101 = 4 NC 11 I= 4 NI Iii= • ,;1 131 = • NC 14)= s NC ISi• 5 NC 161• s 
NC 171= 5 NI 18).:: 6 NI 19) = ' NI 201 = • NI 211• b. NC 221= 1 NC 231• 1 ~· 24) • 7 

l\'I ?5)= 7 NI 261• 8 NC 271= • NC 281.z 8 NI 29) = A NI 301 = 9 NC 311• 9 NC 321• 9 
NI Jll • .. NI J4p: 10 NC 351 • 10 NC 361 = 10 NC 37) = II NI 38) • II NC ]9). 11 NC 40)• 11 
NC ft))= 12 NI 42)= 12 NC 43)= 12 ... 44)= 13 NC 1os1= 13 NI 1t61= 14 NC 471 • 14 NC '+81• lit 
NC ,.9)a IS NC so,= 15 1111 511= 15 NC Sl>= 16 NC 
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GROUND COVEP l'l POLAR 70NE (4) 

GCI II• .JBI bCI 21• .341 GCI 31= .Jib r,c, 41= .290 GCI 51= .400 GCl t,): .J71 GCI 11 = .1Ct4 

GCI 81• .321 &Cl 9)• .JOO GCI l ri > = .375 c;c, 111 = .352 GCC 121= .Jl2 r,c c 131 = .113 GCI 141= .1b9 

GCI ISi• .J .. Q &Cl )ft)c .JJI GCI 17}= .314 r,c, 181= .357 uc, I 91= ,340 r,c, 201 = • 3c!J GCC 211= , ]07 

GCI 221 = .J4? C.CI 21} = ,J2~ GCI 241= • Jll GC I 251= .296 GCI 261 = ,l2J GCI 27) = ,109 GCC 28)= .l .. 5 

GCI 291• .2d? GCI JOI• ,303 GCI JI I= .289 C',C I 321 = ,276 GCI 331= ,264 GCC J41= .,eo GCC 35) 2 .n,e 
GCI 361 a .256 GCI 371= ,26R GCI JAi= .Z~b GCI J91 = ,244 GCI 401:: ,233 r,c, 411 = ., .. 2 GCI 421 = ,>JO 

GCI 4J)s .219 GCI 441= .22~ GCI 4c;1 = ,214 GC I 461 = .?18 GCI 471 = ,207 r,cc 41il = ,J9S GCI 49)= . , .. , 
GCI 501• .,e~ GCI 51)Z ,174 GCI s,,= , 173 GCI 

GROUND COVE<> IN POI.AR ZO~E 2 

GCI II• ,JHI GCI 71= ,JS~ GCI JI= ,325 GC I 41= ,298 GCI SI• .413 GCI bl• , ]81 GCI 11= •. 156 

GCI 81• .JJJ GCI 91• .Jll GCI IOI= ,190 GCI 111 = o3b7 GCI 121 s ,346 GCI 131• ,126 GCI 14)= .186 

GCI 151• .J65 bCI ]ft):1 .346 GCI l 7l= ,3c!9 GC C IA>= .375 GCI 191= .J57 GCI 201 = .140 GCI 211= ,3c!4 

GCI 221• ,Jn9 bCI 23)• .J44 GCI 24) = ,329 GC I 251= .314 GC I 261= , JOO GCI 271 = .J28 GCI 281 = • 314 

GCI 291• ,JOI bCI )0,. ,28'1 c;r,1 lll• .JIO GCI 32>= .296 r,cc 331= .2H4 GCI 341 = .,n GCI 35) = ,289 

GCI 361 • ,217 GCI 17) • ,265 GCI JR)• ,279 Gel 391 = .2M r,cc c+P J = ,255 GCC 411 = .243 <iCC 421= ,?54 

GCI 431= .242 GCI .... ,= ,231 G~I 4CiJ: ,239 GCI 461 = ,721 GCI "r,. ,216 GCC ltft>= .?21 GCc ,.~,= ,710 

GCI SOI• .199 GCI c;t,= .201 Gr.I 5?1 z , 190 Gll 531= ,191 r,c::c 

GROIINO COVF.R l>i POLAR ZONE J 

GCC 11 • ,JHI GCI 71• ,357 GCI .l). ,333 GCI 41= .J06 GCC 51= ,425 GCC 61 • ,1'15 GCI 71 = ,368 

GCC 81• ,l't4 ,;cc 91• ,JZJ GCI 10111 ,404 GCC 111 = ,381 GCC 12)= ,359 r,c, Ill= .,40 (;CC 141 = .402 

GCI 151• ,381 c.cc 11,,c ,362 GCC 1 n s ,344 GCI 181= ,328 GCI IQI: ,374 r,ct 201 = , 157 r,ct 21,= , 141 

GCI 2ZI• .325 GCC 231• ,361 GCC 241= .347 GCf 251= ,Jl2 GCt 2~1= ,318 GCI 271= ,104 GCI 2RI• .JJJ 

GCI 291• .319 GCI 301S ,JO~ Gr.I JU= .293 GCI 321 = ,317 GCC Jll= ,304 GCI 34) C ,?91 GCI 351 = ,279 

GCI J61= ,2'18 GCI 17) s ,28,; GCC Jfd= ,274 r,c, J91 = .289 r,c c 40)= ,277 r,cc .. ., .. .~6'5 GCC 421= ,254 

GCI 'tJ)• ,2b5 GCC Ctlt)• ,254 GCI 4C:,)a ,243 GC( 461 = ,251 GC I lt7 J :i1: ,240 GC( 49) = .U9 GCC '+Ii): ,2JS 
GCI 501• ,224 GCI 511= .211 GCI 5?1 = ,217 GCf SJI = ,206 GCC 5,.)= ,195 r,c, S5J• .196 GCC 

GROIJNO COVER IN POLAR ?O~E 4 

GCC II• .Jdl C.C C ZI• ,351 GCC 31: ,JJ6 GCI 41= ,314 GCI SI• ,437 GCI 61• .40fJ GCI 71 = ,]79 

GCC ij1. .JS5 GCC 91= ,333 GCI 101= ... 18 r,cc 111 = ,394 GCI 12, = ,373 GCC Ill= .1~] GCC 14 I= ,]J4 

GCC l!tl:i::r .397 uCC 161 • ,377 GCC 171= .359 GC I 181= ,J4Z r,c C 19) = ,392 GCC 20.1 = ,174 GCC c!II = ,J57 

GCC 221• .342 GCI 23) = ,321 GCC 241 = .365 GCf 251= ,]50 GCC 2~1 = ,JJS GCC 2i1= ,121 GCI 281= ,J52 

GCC 291• ,JJ8 C.CI lOJ• .Ji4 GCC JJI = .312 GCC 321= ,]37 GCC jJI• ,323 GCI 341 • ,111 GCC J,, = ,298 

GCI 361• .2d7 GCC 371 a ,30~ GCC 3•1= ,294 GC I J91 = ,28/ r,c c 401 = .29tl GCC 411 = ,287 GCI 421= ,?75 

GCC 4JI• .264 GCC .... , s ,27~ GCI 4~1• ,2b5 Gt.: I 461= ,254 GCI 4 7l = .26,. GCC 481= .:;,SJ GCI 491= ,242 

GCC SOI• .231 GCI ~,,. ,2JA GCI 5?1 = .zn Gt.:c 531= ,217 GC< ~41 = ,221 r,cc 551 = .?10 GC C St,,= ,?13 

GCC 571• ,ZO? bCI 

HEl IA• I VERSIO~ I J, Tl~E POINT Ar,,iO/O0 ANI\IUAL E~ERGY (5) 
QOUNO FIEL~ WITH LO• PRO•ILt r<El IOSIAIS 

NSTQP<; NCOL RF"JEI D TOWER H GCOVER 

11 15'16 878,000 415,000 ,JOO 

NHf wrv -~ •Dr ALEN SPACE• 

4 10,H IO, JA 16,60 49,80 I .oo 

GAP OU)~G •CROSS WTRI .lLTRI •SIDE WJCROC. HTMIR ,HCROS 

,250 ,480 ,385 , 177 4,681 .840 ,224 ,All .833 

TH• r.ENIER WAVELENGTHS or THE TWENTY EQUAL ENERGY 9AND5 (E,) 

.wono .4c.OOO ,4ROOO ,51 ooo .~ltOOO .57000 .60000 ,63000 .~6000 ,70000 

,74000 • 7A.000 ,82000 ,87000 .96000 1.02000 1,0AOOO 1,22000 1,48000 1,68000 

1D15X TOISY ArJELD RCO 
(7) 

0,000 -4W,OOO 2Jlb271 ,678 165,000 

J/21/80 
(8) 

LAIi !UDE= ]5.6" ~OUR 12 ~IN 0 

CAVITY RECflVE~ 5P~CS (9) 

SEP DOI 0D2 ~u1r t-1CAV D03 AIMHGI 

19,J 26,J 45,9 o.o Slt.0 4'1.5 '1,6 

RCONE l~ECO~ HIOI ITIL I (10) 

IR,06 ,47 l'l,29 0,00 

WAPMA,11, IIIAP"'ll "4 Off SET 
25,0 18,J o.o 

PROG~AM OPT 10'<5 u~En (11) 

JNl)IVl,DUAL rocu~JNr, 
INIJIVIOUAL TO[-tN 
TO(I~ STRATEGY roR J/?l AT 12,0 
FACET~ GA'<GED 
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ELZ 
55. 761M 

PAXIB r•AX?B 
0.00000 0.00000 

THE TAl X,1(1111~1 
JIQ,54158 .98072 

F-16 

HFLIO;T&T OPTICAL PARAMETENS 

T~B ~~H PAXlY 
0.00000 o.oouoo .11~00 

TSV 
.osooo 

••••••••o• CONVlOSION FACTO~= •lQ84~17ll~E•Ob •••••••••• 

C.TATJSTTCc;. q)R 800 RAYS P[ii qu!'<J 

········••our~~, CODE••········ 

ETAl=fHACTION or FIELD FLU• TH•T HIT ~IRqOR~ 
ETA2=RffL~CTANCF 
ETAJ=F'tUCTIO~ OF F'1_UX NOT nHSCtJREO 0'4 THE IIIAY OUT 
ETA4=F'+-tACTIO"I OF F'LllX THAT HIT TOllfE.~ 
ETA5=fNACTtnN Of f[ELO fLU• TH4T HIT CAVITY 
ET•~=FNACTION OF FtELO FLU• T~AT ~IT T~E CAVITY NALLS 
ETA7=f~ACTION Of FIELD •LUX THAT •AS I~ TONEQ SHAOO• 

EFtllXl=TOTAL FLUX ON FIE• 0 i"I l<W 
EFLIIX2=TOTAL FLIIX oN HtPio ... s I~ KW 
EFLIJXl=TOTAL f'LIJX LEAVJN~ "'tJRRORS IN KW 
EFLUX4=TOTAL f'Ll~J CLEANLY ~WAY F~O~ Fl€LD l"'-1 KIii 
ErLIIXS=TOT4L Fl.u• ON Pno,R TONER IV .. 
£FLIJX6=FLUX Ot.4 r.AVJTY O[C-f'! 1SER J'I "(W 
EFLl1.l7=FLUX Ofrll ,:AVJTY W'i6LL<, Jf\l KW 
HLtJXS=fLU• ON <:AV!TY CEtLltoG IN O , 

Nl=RAY~ 01:awN d~FOQE SmNJc;.E 
Nl=RAYS ORA.,.N IIIIIHF:N PiE SllN WAS TUO LON 
NJ=qAYS DRAWN THAT HIT THE OPE~ FIELD 
N4=RAYS WHICH HIT ~!RRnR a~T W(RE COST IN SPACE 
N5=0AYS OPAWN TeAT ••RF. SLOC<EO IV 0•8LOCKS 
"6=RAYS THAT WE~E n8SC11R•O IN OffRLOCK 
N7=PAYS WHICH HIT CAVITY DTffU5F.~ 

O"s=qAY5 WHICH HIT •ALLS 
N9=0AY~ WHICH HIT ~OOF 
~10:~AYS WHICH •11Sc;ED Hl~H 
Nll=RAYS Wi-tJCH -.q!;c;EO AC~O<;S ft.tF r4o...,T 
Nl2=RAYS WHICH YISSED LO• 
NIJ=RAYS WHICH HIT SUPPORTS 
~•~=RAYS WHICH ~F.Rf JN T~E TQWfQ S~A~UW 
NIS=RAYS WHICH wH!qLEU THOIJ 
Nlt,=qAYS ;;HJCH FRAi,tf Sl-fAl10wf0 ON Sl\~E ~EL 10 
Nl7=RAYS WHICH FRAME S~A~O-ED ON OTHEM HELIO 
Nl8=MAYS WHICH FRAME HLOCK•O ON SA~f HELIO 
Nl9=RAYS WHICH •~AME 8LOrKFD O" OT • fq HELIO 

ET~l ET4> ETA) ETA4 ET•S ETA6 ETA7 
,2<;78ij ,90000 1,00000 ,9794• ,2~l57 ,l3670 ,00363 

PHY 
.o,ooo 

!:FLUXl 
• I 9A452l • 06 

tFLIIX? 
.S9113AF:•05 

EF"L JX) 
.s1202.c.r•o:> 

EFL.UX.C. 
.53202.C.f.•05 

EFLUXS 
.!:)21085[•0~ 

F.fi.UXf, 
.2&191or•o& 

ffl.UX7 
.'+60f:J51!='•0S 

NI N2 N) 

0 <;586 
N4 

0 

NC N6 
0 

N7 •A N9 
0 2104 2)0 

NIO 
14 

"'Ii .• 13 
3 

Vl4 Nl5 "16 'It 7 
0 

TIME POINT RUN 

ACTUAL MIRROR AR•A 
6)~3•.8110 

ENf RGV CKWI-I) 
UNSHAOOWED 
SHADOWED 
LF.AVll\!G ~JRROR 
CLF.:ANL Y .t.i.A'I' 
THOU 4PE~TU~E 
AR50RRED 

Uli<FCI VORM4L EN•RGY .,so, 

PE~ c;y. '1ETt .. g 

,926B 
,9l60 
.8334 
.~JJ4 
,8163 
• 7346 

TRACK t NG E•F IC I ENCY I UNSHAOOwfDI 

NIJMl::IE~ or 
SIJPPORTS 

SUPPORT 
WIDTH 

TOP fJ1AMF" 
2 

2.0 

I CLE .ONI. Y A_.AY J 

KWH 0'11 
SUPPORTS 

~,.o 

HELIOSTAT FHAME HITS 

510• FR4ME5 CROSS FM&MES 
0 0 0 0 0 

3 

AOTTOM FRAME 
0 

fNER,Y LOST 0'1 fRA~l l'I KWH 

FRAME SHAOON FRAME BLOCK 

29 25 2 

ON SA~E HFLIO ~N Olf"f <fLIO 3N SAME HELIO ON UlfF HF.LIO 
. 49,6 o.o o.o o,.n 
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(12) 

(13) 

(14) 

(15) 

(16) 

F.fLUXS 
,51349"£ • 04 

'118 Nl9 
0 0 

(17) 

<18) 

(19) 

(20) 

(21) 



F-17 

~U"4MAR't nF HIT •~D kLOf.KAGf (.;)IJ'4J", HY fl,ct T (22) 

FACET TOTAL t<JVi t.E~S HJTC, r4L0C'(£,U SY 
INDEX r<JTS riL0(1", «; I 2 J 4 

I 56• 5~8 0 0 0 0 
2 bl5 hJ5 0 0 0 0 
3 6?4 6?4 0 0 0 0 
4 576 576 0 0 0 0 

OFF9LOC• SUM~A"fY 

FACfT. I 2 3 4 
I 0 0 0 0 
2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 

CAVITY WALL MA ... (23) 

Fk'lM 0,0 4'>.0 ,o.o 135,0 1~0.0 225,0 270,0 315,0 
TO 'tS.o tJO .o 13~.o 1~0.0 U!>,O 210.0 315,0 360 .o 

TOP 
~RO"'1 In 
43,2 S4.0 , 0 I< ,019 ,OJI ,025 .on ,OJO ,015 ,019 
ll,4 •3,2 .ow .025 , 1162 ,048 , 0.)5 ,07J .019 ,045 
?1,6 32,4 ,019 ,040 ,117 , 112 ,117 ,140 .038 .on 
10,8 ii ,6 ,00] .021 .iOO ,?U .tr..2 .201 ,029 ,001 
o.o 10,8 0,000 .ooe ,070 ,119 ,U78 .OfJCt ,OOb 0,000 

'101TOM 

Cl,.CUMf[Of'ITJAL Avf WALL f"LllJI, (24) 

FROM rn AVf F"LtHl AT SU"" t:laTTO""I UP AT !.UM TOP DOWN 
o.o l0,11 ,0?3 ;c..o 0,000 o.o 0,000 

10.e ll ,6 ,043 43.2 b,720 10,8 J,5>7 
21,6 3?,4 .076 32,4 ?4,A9] 21,6 J0,2Q2 
~2.4 43,2 , lib 21 ,6 36,681 32.• 22.000 
43,2 54,0 .04J 10.~ CtJ.4lt6 43,2 40,253 

o.o 46,973 54,0 46.973 

CAVITY CULJ~G '4AP (25) 

FOOM o,oo 11,07 15,h5 I Y, 17 22. 14 
TO 11,0 7 15.65 19.17 22, 14 24,75 

AVE 7 .~l I J,56 17,50 20,71 23,411 

••o" IO AVE 
0,0 •5.o u.s .0200 ,0150 ,OJOO ,0?00 .0200 

45,0 90,0 67,5 , 0100 .0300 .0200 ,0250 ,0500 
so,o 135,0 11?,5 ,0300 ,0400 .0200 .0200 ,0450 

135,0 1~0.0 157.5 .0200 ,0250 ,0050 ,0350 ,0050 
180,0 225,0 202,5 ,0?50 ,0450 ,0350 .01 so .0250 
n5,o 270,0 247,5 ,045n ,0500 ,0300 ,0599 ,0500 
270,0 315,0 29?,5 .or.on ,0500 ,0250 .0150 ,0200 
315,0 360,0 137,5 .0,50 ,0250 ,0250 ,0250 ,0150 

AZZIMOUTH AVE CElLINr. FLUX (26) 

C-AQfll M AVE 
o.o 11,1 7,d e029l 

11,1 15,7 13,6 ,0)50 
15,7 19,2 17,5 ,0237 
19,2 22. I 20,1 ,0260 
?2,1 24,8 23,5 ,0287 

f<W/SQ.M F'LUA MAP OF POWU T0,1EQ MJO~Oll F JElU (27) 

0,000000 0,000000 ,04~762 ,093524 ,155874 ,16]667 .085730 ,031175 0.000000 u.000000 
0, 000000 ,101318 , Z10429 , 179<55 ,155874 ,11>3667 ,140286 ,194&42 , Jl2•<>3 0,000000 

,04b762 ,IN2~5 ,194842 , 280573 .241604 ,202636 ,26498!> ,202636 ,148080 ,054556 
, 132493 .194842 ,>9~160 ,218223 ,241604 ,257191 ,291>160 .l6Jb67 • 11:t10,.~ , lb3667 
, 116905 .249348 ,J7Q255 ,264985 ,296160 .2~7191 ,20263b ,28R366 .tll704R ,1870'-6 
,l649fl5 ,l?73JS ,20?6)& .•281>52 .2ttlb01t ,296160 ,34292c • 32733~ ,111747 ,210429 
,16J667 ,2182~3 ,?80573 , 31174 7 , 17925!'> .2tttt"i18S ,l8A36b •. 150716 .-,1z11Q ,163661 
.oa57Jo ,233810 ,?57191 ,202b)6 .036968 • 023381 ,319541 ,327335 .111704~ ,101318 

0,000000 , 11,361,I .;;,4q399 ,27217~ ,179255 , 148080 ,296160 .210429 , 1480~0 u.000000 
0.000000 n.onnooo • I Je905 ,241604 .3~1890 ,l64Y85 ,16361,/ .077937 o,ooonon U, 000000 
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HITS ON T~E HELIO FIELD 
(28) 

0 0 b 12 20 21 11 4 0 0 
0 11 27 23 20 21 18 2~ H n 
6 21 25 36 31 26 34 26 19 7 

17 25 38 ?8 31 33 Jij 21 24 ?.I 
I~ J? 23 34 38 33 26 37 24 24 
34 42 26 55 JI 38 44 42 40 27 
21 2R 36 40 23 34 37 4~ 35 21 
II 30 33 26 5 3 41 42 24 13 

0 21 32 35 23 19 Jij 27 19 n 
0 0 15 31 •9 34 21 10 0 

FLUX ON THE FIELD (29) 

o. o. .lJ'+F•OJ .2,.8E•03 .44-7~•03 .'+69E•03 .24bf.•0J .893P02 o. o • 
o. • 290E•OJ •"OJF•OJ .513E•OJ .4C.7E•Ol .4b9E•03 .402E•OJ +SSBE•0J .J•OE•OJ o. 
,IJ4E•OJ .SIJE•Ol .~58F•OJ ,804f•OJ +69CE•03 +Sf'OE•OJ ,759E•OJ ,580E•03 • .c.:>4E•03 • lSflF:•03 
.J~Of•OJ ,SS8E•03 .~48F.•0J ,6>5l•03 ,692E•UJ • 7J7l•oJ ,ij.8(•03 ,469[•03 ,SJ6E•OJ .46QE•01 
,JJ5E•03 .714[•03 .513F:•03 .7i.;9[•0J .84-ij[•OJ ,7J7E•OJ .~80E•OJ ,826E•OJ ,SJ6E•03 ,::»J~E•Ol 
,7S9E•OJ ,9J8E•Ol .c;HOF:•03 .l?JE•oc. .692E•03 .B48E•Ul •"'lilf•t.13 ,938E•OJ ,R93E•OJ ,603E•03 
.'+69E•03 ,6<!5E•OJ • ..-Q4E•OJ .sc;J[•OJ +SlJE•uJ .7S9E•03 ,1!26E•OJ ,IOOE•04 • 7f:llf. •03 .'+b~F:•03 
.246[•03 ,670E•OJ , 7 37F•0J • s~o£•oJ , II 2E•OJ ,b70E•Oc • 1i1Sf"•OJ ,9JRE-03 ,Sl6E•OJ .iCJOf•01 

o, +4b9[•03 .11'+r•D3 • 71-1 lE•OJ ,51JE•OJ +424[•03 +84-tsE•OJ ,603E•OJ .4;:t4[•03 o. 
o. o. ,JlSE•OJ .6~2l•03 .lU'IE•O'+ • 7S'ilE•0J +469[•0.) ,22JE•OJ o. o. 

FLUX LO~T TO SHADOWING 
(30) 

o, o. o. o, o. o. o. o. "· o. 
o. o, o, o, 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. 0. o. o. O, o. o. o. 
o, o. o. o. o. o. O, o. o. o. 
o. o. 0, o. 0, 0, O, o. o. o. 
o. 0. 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. 

FLUX LOST TO HfLIOSTAT TO H[L!OqAT 5SAJI~<, (31) 

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. 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. o. 
o. o. o. o. o. o. o. o. u. o. 
o. o. o. 0. o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. u. o. 
0. o. o. o. o. o. O, o. o. o. 

fLU• LOST Tll ijLOCKAGf (32) 

o. o. 0. u. o. o. o. o. o. o. 
o. o. o. o. o. o. O, o. u. o. 
o. o. o. o. o. o. o. o. u. o. 
o. o. o. o. o. o. o. o. o. o. 
0, o. o. o. o. o. O, o. 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. 0. o. o. O, o. u. o. 
o. o. o. o. o. o. O, o. o. o. 
o. o. o. o. o. o. o. o. u. o. 

TOTAL FLUX (33) 

o. o. .1 J19i;.E•03 ,2~7~1E•OJ .446,2E•03 .46tf84E+OJ ,2455~E•OJ ,A9103f•Ol o. o. 
o. .2Q024F"•OJ .fi0?80E+03 .5JJ49E•Ol .446S2E•03 ,46884E•03 ,40186E•03 ,!>5Al5£•03 .37954[•03 o. 

,IJJ95E•03 .51 J4qF •0.1 .ssi:i1:o,E•0J , ~OJIJE•OJ ,692IOE•OJ .s&o47t:•03 ,'l590~E•OJ ,5M47f•Ol .•2419E•03 ,l562Af•0J 
,J7954f•OJ .S~RISF>OJ +A4MJ'tE•03 .~?Sl2E•OJ ,692IOE•OJ , 73675[•03 ,ij4838E•03 +4bA84f•OJ ,SJ582E•03 ,4688t• POJ 
.JJ48~E•03 .7J4.43F•0J .Sl14QE•OJ ,1~9URE•OJ +H483HE•03 ,7367Sl•OJ ,5H047e:•Ol ,82~0St•ftl .5J582E•OJ .~J582F•OJ 
.7~90~E•OJ +93761U •Ol + =;fH)4 7E. • 0 J , 1?279E•04 .~92IOE•OJ .a-.8JBE:•0J ,9H234E•03 ,937bA<•Ol ,89303E•OJ ,60280F>0J 
.46884f•0J .~?.512F•OJ .~017JE•OJ ,99J03E•OJ +':ll 34~£•03 • 75901H;+0J ,82606E•OJ +10n'+7F•04 ,78140E•03 +4f.,884F•Dl 
.24558E•OJ .6o977f•01 ,7Jt,7<;E•OJ .::tf10't7E•0J , I I 16JE•OJ ,66977E•02 ,9153<',E•OJ .9J76RF.•OJ ,SJ582E•03 +l9024F•Ol 

o. .4h884f- •0 l +7lta.4"f:•03 .7ql40E•OJ +5134'.=iE•OJ ,42419l•OJ ,ij483RE•OJ .&0?B0F•nJ +42419~•03 o. 
o. o. .1J4R~E~O) ,S92IOE•OJ .}0940E•0'+ • 7590Ai•03 ••&884E•03 ,22126~•0} o. o. 

PERCENT f"LU)( LO~T TO (jHA.UOWc; {34a) 

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. 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. 0. o. o. o. o. o. 

o. o. o. o. 0, o. 
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PlPCENT ,-LUA LO~T TO riliJfl(Atj( (.34bl 

o. o. o. o. o. o. 
o. o. o. o. o. o. o. u. 

n. o. o. o. o. o. o. o. o. o. 
o. o. o. o. o. o. o. o. o. 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. o. o. 
o. n. o. o. o. o. o. o. o. o. 

o. o. o. o. o. o. o. o. 
o. o. o. o. o. o. 

TOTAL PlPC[IH OF FLU• LOST (.34c) 

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. 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. 
o. o. o. o. o. o. 

~-.s WHIC" MISSED Hlfiti (.35al 
0 0 0 0 I 0 0 I 0 0 
0 0 I u 0 I 0 0 I 0 
0 n 0 0 I 0 0 0 I n 
I n 0 0 0 0 0 u 0 2 
0 0 0 0 0 0 0 0 • 0 I 0 0 0 0 0 0 0 
0 I 0 0 0 0 0 u 0 
I 0 0 0 0 0 0 I 0 
0 • 0 0 0 0 0 0 0 n 
0 0 0 u 0 0 0 0 

RAYc; wMJCH Ml sstn LO• (.35bl 
u 0 0 0 I 0 0 0 0 
0 0 0 u 0 0 0 0 0 • 
0 • 0 0 0 0 0 0 I 0 
0 0 0 0 0 0 u 0 0 I 
0 • 0 0 0 0 0 0 0 0 
0 0 0 0 0 u 0 0 0 0 
0 n 0 0 0 0 0 0 0 n 
0 0 0 0 II 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 I 0 0 0 u 0 0 

Ros WHIC .. HISSED acaoss FMO'IT (.35cl 
0 0 0 u 0 0 0 0 0 n 
0 I 0 u 0 0 0 0 0 0 
0 n 0 0 0 0 0 0 0 n 
0 0 0 0 0 0 0 0 0 0 
I n u 0 0 0 0 0 0 0 
0 n 0 0 0 0 0 0 I n 
0 0 0 0 0 0 0 0 n 
0 0 0 0 0 0 0 0 0 
0 n 0 u 0 0 0 0 0 0 
0 0 0 0 b 0 0 0 0 0 

RAYS WtilCti WHISTLEO Tt-iRnUGH (.35d) 
0 0 0 J 2 u I I 0 0 
0 I I 0 I 0 0 2 u 0 
I I I I 0 0 0 0 I 0 
0 0 0 0 0 0 0 0 0 4 
I 0 0 0 0 0 0 0 0 I 
0 I 0 0 0 0 0 0 0 I 
0 n 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 n 
0 0 0 0 0 0 0 n 

RAYS WtilCr1 HIT CO~l!EI. S 
(.3Sel 0 n 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 n 0 0 0 0 0 0 0 I 
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 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 

SL AA~AY .272779 .IHl~S .0S,.5'5c 0. 000000 0.000000 0.000000 0 • 000000 0.000000 0.000000 0.000000 (.36) 

0 0 4 3 J 3 J 4 0 u u 
0 J l J 3 3 J 2 J 0 u 
4 J 2 I 2 2 l 2 J 4 0 
J 2 I 2 2 2 I 3 l J 0 
.l 2 J 2 I 2 l I ~ 2 0 
2 I 2 I 2 I I I I 2 0 
3 2 I I 3 ? I I l 3 0 
3 2 2 2 4 4 I I ~ 3 0 
0 3 2 2 3 3 I 2 3 0 0 
0 0 3 2 I 2 J 3 0 0 0 
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Used only on nonsequentlal slmulatlon { 

(1), 

(2) 

POLAR RADII IN AZl"-'UTH ZON~ 

RI 11= 165.0 "' 2)= Iq1.,-. 
R( 91= 301.? lo(( lOP= JI~.9 
RI ]7)= 447.4 lot( 18)= 4,-,f,.fi 

RI ?51= b06.iJJ ~I 26)= 6?7.t-
FH 331= 782..R Wt )4J= 80~.J 
RI toll= 983.0 WI 42)=1010.1 
RI 49}=1221.l WI 501=12r:;4.9 

~( 31= lQH.3 1-11 41= Zl5.l 
~, 111= 3)6.7 ~( 12)= J54.7 
RI 19)= 48~.9 ~I 201= 50~,.4 
RI ;»71= 648.B QI 28)= b70.4 
RI ]S1= 810.2 ~t Jbl= 854.5 
Mt 43)=1038.2 ~I 441=10b6.7 
RI '311=1289.7 ~I 521=1325.9 

kl 5):: l32.0 RI 6}= t?4Q.l 
RI IJJ= 37i.9 ~I 141= 391.2 
~I 21)= 525.2 RI i2)= 54c;.2 
QI 2• 1= 692.2 Rt 30): 714..4 
toll 371= 879.3 RI J81= 904.5 
RC 451=1096.0 RI 46J=ll2i',.O 

"I 

Ml 71= ;tf,6.3 
M( tSlz 40q.a 
~I :,JI= c;6S.4 
H( ,l): 7)6.8 
N'I 191= QJ0.l 
Ht t.7I=11s,..a 

oil 1111= 28J.6 
QI 16>= 't28.S 
al 2•1 • 5B~,9 
Qt 321 :s 15¥.6 
~, 40) = 956.J 
~I 48) =I 181!.S 

NI l) = 
NI 1H= 
"'l( J7p: 
NI ?51 = 
1141 331 = 
NI c:.l l = 
NI 491 = 

POLAR COLLECTOR COUNT IN Ai!JMUHI lJNE 

2 N( 21 = 
J NI 10> = 
'=> Nl 181 = 
7 NI 261= 
9 N( 341= 
li NI 42)= 
15 Nt 501= 

2 NI 31 = 
4 NI 111= 
6 N( 191= 
8 NI 271= 

IO N ( 351 = 
12 NI 43J= 
IS NI 511 = 

POLA.I-~ WADI I IN A7.l,..UTH Z"'IN~ 

l NI . "' 
s a I 
R ,I 

l O NI 
l? 'Ill 
15 ..,, 

41 = 
121 = 
201 = 
2ij) = 
]bl= 
44) = 
52) = 

2 NI 5) = 
• NI 131 • 
b NI 21 I• 
B NI 2~1= 

10 NI 371= 
13 N! 451= 
16 NI 

l NI 
• NI 
• NI 
A NI 

11 NI 
13 NI 

bl• 
14) a: 

22) = 
JOI= 
381 = 
46) = 

3 NI 7h 
5 N( 15)= 
7 NI 2)1 = 
9 NI 311 • 

11 NI 391 • 
}It ,'i I 471 = 

3 NI 81• 
S PIii 16) = 
7 ~, 24)= 
9 NI 321= 

11 '-4 I ltOJ = 
14 "'' 481= 

3 
5 
7 
9 

11 
14 

RI 11 = 165.0 
RI 91= 298.? 
R( ]71= 440.J 
RI ?5 I= ~94 • I 
RC 331= 7b3e? 
PC 4ll= 9SJ.t 
RI i.91=-1174.J 

WI 21 = lF\ l .,r, i-1 c 
t,(( 101= 315•4 Re 
WI 181= 4c;~.8 RI 
~( zt,1: 614•1 R( 
Mt 341= 7RS.F,, Re 
M( 4,?I= 978•~ R( 
1-1( 501=1205•1 RI 

3>= 197,9 
Iii• 332,8 
191= 477.6 
;,71= 634.8 
Jljl = 80~.4 
43)=1004.9 
r;,11 =123b• 7 

~ I 4,I = 214.J 
.i 121= 350,3 
QI iOI= 496.5 
01 281• b5S,5 
~I Jbl= 831.5 
Q( 44)=103J.b 
QI S2l=Ilb9.3 

Wt ~)= 230.tl ~I 
f.tl 131= 367.9 Rt 
Ht 21)= 515.6 Rt 
Ml ;:!'ii)= 676.5 1"11 
Wt 371= 855.(1 Rt 
1"11 451=1058.8 A( 
I-fl c:;JJ=tlOJ.O RI 

61 = 247.4 
141 = 3sc:;.e 
i2)= ~34,9 
JOI• b97,7 
JfU: 87R.9 
461=108fi.7 

Ml 71= i64.2 
H( 1~1= 40l.8 
i;fl ;,3): C,C-,4.4 
RI 111• 719,2 
Ht 191: qoJ.2 
Ml 471=1115•2 

~I 81• 281,l 
~ t 16) c 42il:?.O 
ilt 24, • s1 ... 2 
~I JlJ= 741.l 
'1( 4QJlll qz1.9 
ilC 481=l l't4.4 

t,,i I 11 = 
"'If 91 = 
N( )71 = 
NI ?51 = 
NI 331 = 
NI 41 l = 
NI 49) = 

POLAR COLLECTO~ COUNT IN Alt~UlH lONE 2 

2 NI 
J NI 

NI 
NI 

< NI 
11 NC 

2) = 
I 01 = 
IRI = 
26) = 
34 I= 
42) = 

NI 50 I= 

2 NI 3) = 
4 NC 11) = 
I', NC l 9):: 
7 N ( ;,7 I= 
9 N( 151= 

12 NI 43)= 
14 NC 51 I= 

? N < 41 = 
4 !\l( 121 = 
ti NI 2U)= 
B "I I 28) = 

l O "I I 3b) = 
li? ~, ft.41: 
15 NI 521= 

NI 51= 
~ Nl 13}:. 
6 NI 211 = 
':I NI 291= 

10 NI 371= 
12 NI ft51 = 
15 NI 531= 

3 Nt 61= 
It Nl IC.):: 
6 N( 221= 
~ NI JO I= 

10 NI l!H= 
13 NI 461= 
16 NI 

3 NI 71 = 
S NI 151= 
b NI 2)1• 
~ PIii 311= 

l l NI 391 = 
13 NC 47Jz 

3 "JI 8J = 
5 NI l6Jlll 
7 NI 241= 
9 ,,,, 321• 

11 I\J < 40) = 
13 '\II 48) = 

Rt II= lb5.0 
Pl 91= 295.7 
R( 171= 433.9 
RI c:'51 = 5R2.R 
RI 131= 745.4 
I.II t.lJ= 926.4 
At 49)=1133.fi 

11 I ?I= 11-11 .~ 
Ml 101= 3J2.4 
Ml 181= 451.9 
MC 261= 602.1 
~( 34)= 7~6.q 
RC 421= ~C.,0.,, 
1-l I 50 I= I lt-2. I 

N( J1= 197.8 
M( 111= 3?.9.ft. 
HI )91:: 471".1.0 
RI ?71= b22,l 
Ht 1'=>)= 7~8.7 
,H 4JI = 975.J 
R ( c;.l l = l I 91 .2 

:)( 4l= 213.8 
Q( 121= J4b.4 
QI t?OI = 't8~.4 
Qt c:'-9) = 642.0 
~, J61= e10.e 
Q( 44J=lOOo.r. 
:.t I c:;21=1221 • l 

RI 51= 229.9 WC 61= 24,,.2 
RI IJI= 363.b ~I 1 .. i= ]80.9 
Ht ?II= ,ob.9 RI lZI= Si5.6 
Ml 2-1)= 662.2 RI JOI= 68;,.b 
Ht 37>= 833.Z RI :JB1= 85,:,.0 
~I 451=1026.0 RI 4bJ=IOS2.l 
WI c:;:11=1251., Ml ~4)=lld).3 

M( IJ= ?6;».5 
Ml tSI = '.\~A.4 
HI :,JI= 544.S 
NI 11)= 701,3 
Ml l'ill= A7Q.l 
HI 47J:tn7111.7 
Ml 5~>=111~.7 

N ( 11 = 
N ( 9} = 
N ( 17) = 
N ( 251 = 
N ( ]3) = 
N ( ~ l) = 
N ( !o9J = 

POLAR COLLE"CTOW COuNT IN A71~UTl"i ZONE 

NI 21 = 
NI I OJ= 

'j NC IA)= 
7 NI 26)= 
9 NI 341= 

11 N { 421 = 
l'+ N < 50 I= 

2 NI J) = 
4 NI 11 }= 

5 N < I 9) = 
7 NI 271= 
9 N( 351= 

I l N ( 431: 
14 N( 51) = 

'II I 41 = 
1\1 C 1£ I= 

b f'-41 ?O I= 
7 NI 281= 
9 .._, I Jb I= 

l? -.JI 441 = 
14 .,, I 5c:'l = 

POLAW MADI I IN t1ll'-"UTH ZnNF 4 

2 NI 51= 
4 NI 131 = 
6 NI 11 I= 
8 NI 29)= 

10 Nl 371= 
It? NC ~'SI= 
15 NI 531= 

1 NI 61 = 
4 NI 141 = 
~ NI 22)= 
A NI JOI= 

10 NI 38)= 
12 NI 46)= 
15 NI 5ft.l = 

3 N ( 7) = 
5 NI 151 • 
b NI 231• 
8 NI 311 • 

10 NI 3•>• 
IJ NC 471= 
IS NI 551 = 

3 "'ii 8):11 
5 '"41 16) = 
7 t-11 l41= 
8 NI JZJ= 

11 ~I 40):z 
13 !\,I( ft8J lll 
lb ~I 

RI 11:: 165.0 
RI 91= 293.6 
R( 171= 42d.?. 
k C ?5) = ~72.6 
RI 131= 7l9.J 
RI 11-l>= 902.3 
g( 49)=1097.A 
RI 571=1]28.0 

~( 21= Jl·ll.6 ~! Jl= 197.B 
HC 101= 309•9 Rt Ill= J?t,.4 
WI lfl.)= 445.F, ~C ]91= 4t,3.3 
kl 2b)= .-,91.r. i:f( ;»71= 610.S 
t-11 341= 74q.q ~( 151= 77u.8 
I-(( 421= 9?5.3 RI 431= 94He7 
Ml 50l=lJ?4.J RI 5ll=llc;l.4 
HI 

~I 41= 211.6 RI ~I= 229.ct ~I bl= 24c;.J 
RI 121= 343.0 Rf lJl= 35-i.8 RI J-.J= J7~u6 
~l t?OI= 481.0 RI 211= 49~.0 RI i!lJ= 517.l 
'11 281= bZQ.1 RC 2'1>= b49.2 RI JOI= 6f,~.9 
~( 3fil= 11i12.o RI JI)= 813.4 qc J&)= 83C..2 
QI 44,J= q72.5 ~I 4.-,): 996.6 RI 461=10?1.2 
~I 521=1179.l kl 5))=1207.4 QI '.:J4J=l23h.4 

RI 71= ?bl,Z 
NI 151• H1,7 
MI ;::i3J = ";)1:,.4 
RI JI>• hM,8 
HI J91• AS7.2 
Ml 47J=ln411;.J 
Ml c;'.:,J =l:>66.1 

N( l): 

NI 9) = 
N ( 1 71 = 
N t 251 = 
NI 331 = 
NI 1t.l I= 
NI 491 = 
N ( 571 = 

POL4W COLLFCTOQ COUNT IN All"'IUTH ZOI\J[ ft. 

2 NI 
J NI 
S NI 
7 NI 
9 NI 

2> = 
IO I= 
18) = 
2'>1 = 
34) = 

II 
13 

NI ft.21 = 
,,, I 50 I= 

lb NI 

2 N ( 31 = 
4 NI 111= 
5 N( 191 = 
7 
9 

II 
I 3 

NI 27 I= 
N ( JSJ = 
NI 431 = 
,,,, c;1) = 

~, 4) = 
!\l( lll = 
'l I 201 = 
NI 281 = 

Q 1\1 { ]61 = 
11 'it 44): 
14 NC 5£ I= 

2 NI 51 = 
NI 13) = 
NI 2ll= 
NI 291 = 

q NI 371= 
12 NI 45)= 
t c. NI 531: 

) NI 61 = 
4 NI 141 = 
it, NI 22) = 
A N( JOI= 

10 NI 381= 
12 NI 461= 
14 NI 541= 

3 NI 71= 
4 NI 151 = 
6 NI 23)11 
8 N( Jl )s 

10 N( 39):=. 
12 NI 1t7J := 
15 N1 551= 

3 NI 
5 NI 
6 ~I 
8 ~I 

8)= 
16) = 
i?4)= 
321= 
40) = 10 NI 

13 NI 481= 
15 I'll( ,61 ::r 

RI lJ= lb5.0 Ml 21= l~l.~ RI 3)= 197.8 ~I 41= 213.6 RI ~I= 22'1.4 toll 6>= 245.3 HI 71: 261.2 
14.74. A M IR {J A )Co.:) =8 )251.32. f, H I~ IJ91= 8':17 R5(J =4 0212=Q .84,. 9 .Nht 

3 
5 
7 
9 

11 
14 

ill j;IJ: 27'il.O 
QC lbl = 4lb. l 
ii( 2-.11: 56J.6 
QI 12) = 724.2 
qc 40J• QOi.S 
i:tC 41ll•llOS.9 
~ I 

l 
5 
7 

• II 
13 

~( 8}= 277.J 
Qt 16)= 410.8 
RI Z1tl s SSJ.9 
~I )2) = 701:1.9 
Q( 40) • 87'1.6 
RI 48) s107l .a 
QI 56)=1296.6 

3 
5 
7 
9 

II 
13 
16 

RI ••• 271,3 

(3) 

bR) I= 4214)5=• 39 0 2~. 13 7RI I= 261 .z RI 4 281) '122757 •• 33 
IQ 1ft. 3 >9=1 =9 42r19.37. 6 H (R Ir. 1tl)O=I 97~.5 RC 4 5310=9 .9'19 6 .Rbl lRIO =c.. 631i=bt•042 I .R21 IR2O •4 7J)c..•3.0 

RI c.91=1097.A W< SOl=lP4.J HI Cill=ll5J.4 RI S2)=ll 9.1 MC 53)=1207.4 !=fl 541=12Jf,.4 HI c:;~l=l?.'>h•l RI 56)•129&.6 
R( t.,71=13l8.0 HI 

?OLAH COLLECTOM COUNT JN A7I"tUTH ZOf!\IE 5 

NC 1): 

NC 91= 
NI I 71 = 
NI ?51 = 
NI 331 = 
NI r.11= 
NI 491 = 
NI 57 I= 

2 "' 
3 NI 
5 NI 
7 NI 

• NI 
11 NI 
l J NI 
lti NI 

2) = 
IOI= 
181 = 
261 = 
34) = 
421 = 
so)= 

2 NI 31 = 
4 NC 111= 
5 NI 191 = 
7 NI 27}= 
9 NI 3'51 = 

11 NI 431= 
l J NI Sl I= 

2 "41 ft,) 

4 '41 Iii 
~ ~ I 20 I 
7 "'I I 2d) 
9 -., I )bl 

l I NI ~41 
14 "I I 5~1 

2 NI 51 = 
4 NI I Jl = 
b NI 211 • 
8 NI 29):ii: 
9 NI J7J= 

12 NI 451= 
14 NI SJlz 

3 NI 
4 NI 
b NI 
8 NI 

l O NI 

61= 
141= 
2ZI = 
JOI• 
38) = 

12 NI 461= 
NI 54) = 14 

40703-II-2 

3 NI 
4 NI 
6 ~f 
8 NI 

10 NI 
12 NI 
15 NI 

71 = 
151= 
231 • 
31 I• 
]')) = 
471 • 
551 = 

3 NI 8) = 
5 NC 16): 
6 "I( 24)• 
8 "H J2J• 

10 ,.,, 401 • 
l 3 NI 48 I• 
15 ~C S61= 

3 
5 
7 
9 

11 
I 3 
16 

~ I l }l:ir 



F-21 

POLAR HAO! I IN Al I "tUTH l()Nr: • 
Nf II• 165.o Hf ll= 1,.q _.., Rf JI: 1,n.a ., 41= 213.8 RI ~)= 22~.9 ., 6) = 241u2 l<I 7) = ?6:;,.s a I 8) = 27'1.0 
Al 91• 295.7 "' I 01 = JJ 2.4 R( I l I= Jc:''i.4 ., 121 = 346.4 Al 131 = 363.6 " ( 141: 380.9 H l I ,;1 = 1~A.4 0 I 16) = 4lb. l 
A( 171• 433.9 .. , 181 = 4~J .Q "' 191= 470. 0 ., ~OJ= 4BA.4 Al 2 I I= 506.9 ., ten= c,2c;.6 H l ;)JI= C,44.5 . ( 24) = S6J.6 
Al ?SJ= 582.A "' ?ld = 6n2. J R1 ?7) = 6?2-1 ., 281 = 64?. 0 "' 2~) = 662.2 RI JOJ: 68?.6 " ( 11 I= 701.3 "' )21 = 724.l ., 331 • 71t5.4 H( 341 = 7~6.Q R( 1~::t) = 7k8. 7 >( ]bl= 81 o.e "' J,, = BJJ.l HI J!t) = A56. 0 RI 191 = A 7~. l 0 I 401 = qot.s 
RI 411 s 926.4 WI 421 = 9'tO."i ., 431 = 975. 3 QI 44)=1000.4 " ( 45l =102a.o "' 461 =10~?. I RI 4 7 I:} (l7A. 7 "' 481 =l IOS.9 
R( 491.s:llJJ.6 ., SOl=llh2ol RI Sll=llQl.2 ,. s21=1221.1 RI 5:,1 = 1251. 7 01 ~c.1 =l?.81.3 HI ~51=1·11'>~7 . ( 

POLAR COLLECTOH COUNT IN A7 I ~UlH ZONE' 6 

NI II• 2 NI 21 = l NI ]) = 2 " ., = 2 NI ~, = 3 NI 61= 3 NI 71 = 3 '" 8 I= ' N( 91• 3 N< l 01 = • NI 11 I= • NI Joli= • NI J3) = 4 NI 14) = 5 NI I 5 I= 5 ~, !61 = 5 
NI 1n= 5 NI 181 = 5 NI I 91 = " 201 = • "' 21 I= • NI 221 = 6 NI 231 = 7 "' t4 I= 7 
NI 1s,c 7 NI 261 = 7 NI 711: "' 2t0= 8 NI 2q1 = B NI 30 I= 8 NI 31 I= B "' J21 • Q 

NI JJ,. 'I NI 34 I= • N( 351= • " ]6) = I 0 NI 3 ,, = 10 NI 38 I= I 0 NI 1~, = II NI 40 I= II 
Nf ,.i, z II NI 421 = II NI 43) = 12 NI ,. .. , = 12 N( 451 = 12 "' 461 = IJ NC 471 = IJ NI 413) = I J 
NI tt91 • 14 NI so,= 14 NI 'il 1= 14 .. Stl = IS NI 531 = IS NI 541 = 15 NI 5',I = 16 N ( 

POLAII ~A011 IN Allt.1UTH ZrtNF'" 

Rf I I• 165.o ti( ll= ••••• R( 31 = •• 7.9 , ( 41 = ll4.3 '" SI= 230.8 . ( 61 = ~47.4 H l 7 I= ~~4-2 , ( IH= 28 I. I 
RI 91• 298.2 HI I 01 = J15.4 "' I I I= JJ2.B 0( 12) = Jso.J R l 1 )) = ]67 •• 0( 14) = 3A5 0 8 HI I ~I= 403.A a' 161 = 42t.O 
R< 17' = 440.J I<( HU= 4~.1,1 '" 191= lt11.b al 20)= 4.b.S RI 2J> = ,1,.6 HI ~2) = 534.9 HI ;>31 = r;·,;4.4 "' 241 = 574.2 
R; ?51 z !>94.l kl 261= 6)4. 1 . ( ?71 = 634.~ O( 2-1) = 655.5 RI 2'1 = 67&.5 ., JO I= 697. 7 "' 11 J = 110.2 QI 121 = 741. l 
RI JJ)= 763.2 "' 341 = 7~5.6 Al 1s1 = 801:1.4 Q( 361 = AJI .s "' ] 71 = 855.0 "' 381 = R7A.9 HI ,q, = Qll1.2 . ( 401 = 927.q 
RI 411 = 953.1 kl 421= ~78.A "' 431 =1004.9 "' 441=10)).6 RI 44:>)=1058.8 "' 46J=l0d~.7 .. , 41l:::I11 c;. 2 a I 4~1 =l 144.4 
Rf tt9J•ll74.J I<( SOl=l20S.I ,11 ~11 =123#\e 7 0 I 521 =1~69.J "' 'i.:H=l303.0 R l 

POLAR COLLECTOR COUNT IN A71MUTr1 ZONE 

NI P• 2 NI z, = 2 NI )) = z "' 41 = 2 NI 51 = J NI 61 = 3 N< 71 = ' ~, 8) = 
NI 91= J NI 10, = 4 NI 11 I= 4 NI Ill• 4 NI I 31 = 4 NI 141= 5 '" 15) = NI 16) = 
NI 17) • 5 NI 181 = 6 NI 19)= 6 " 20 I= 6 NI 211 = b NI 22) = 6 N( 231 = 1 NI i4) = 
N( ?St= 1 N( l61= 1 Nf 271= A NI 2tfl = H NI 291 = B NI 30) = 8 NI ll I= 9 N( J2l = " NI JJI • 9 NI 341 = • N( J51 = I 0 "' )bl= 10 NI ]71 = 10 NI )BJ= II N( 391 = II N( 40) = II 
N< ,.. ) = 11 NI 42) = I?. NI 431 = 12 "' 441 = 12 NI :.51 = lJ NI 4f',J = I J N( 471 =· IJ NI 't8l: 14 
NI 1t91 = •• NI 501 = 14 '" ~11 = Io " ~i) = IS NI 531 = 

., 
NI 

POLAR •ADI I IN AZ1"4UTH Z")Nf " 
RI I I• 165.o ., 21 = IAI .,; RI JJ = 1 QH.J 0 I ... Zl s. I RI SI• 232.0 " ( bl= 24Q. J " ( 7} = ?',Ii. 3 "' RI: 2dJ.6 
Pl 91 • JOI .2 HI l DI= JI H.1.1 RI 111 = 33,. 7 al 121 = 3;,4. 7 kl l.j): 372 •• RI 141 = l~l .2 kl IS I= 40~.s Q ( I 6) = 42!:I.S 
Pl 17) = ,.,., .4 " ( 181 = 4-.6.'1 .. , I 91 = 4R5.9 "' 20 I= S05.4 . ( 2 l > = ,zs.2 . ( 221 = ~c.r;.2 Ml ?31 = c,&r;.4 ~ ( 24)::: ss~.'il 
RI 2SJ = 60606 ., 261 = 6?1., ., ?1' = 64He 8 ,, 281 = f:>7o.4 RI Zlill = 692.l " ( JOJ = 714.4 " ( 11 l = 716.8 , ( 121 = 75'.6 
R( JJI z 1ez.e Hf 341= Btl6• J "' 1s, = 830.2 ,, Jbl= 854. 5 "' 371 = 8N,J RI Jdl = 904.S MI ..,91::: QJO. l . ( 40} = 95&. J 
RI 'ti Is 98J.o H( 421=1010.) R( 4]1=101~.7. " ( 441=106f..7 ., 4~1=J09b.O ., 461 =t 12~.o ., 4 71 = 11 'ili.8 "' 481=1Pht.5 
RI lt91=1221 • 1 "' SOl=J2i:;4.Q H( c;Jl=J2A'le7 " ( Sil =I J2S.< Hl 

POLAJ.t COLL[CTO• COUNT IN Al1''4UT'1 Z:lNE 

NI I I• 2 NI 21 = 2 NI ]1 = ? NI .. , = 2 NI 51 = 3 NI 61 = NI 71 = 3 "' BI= J 
NI 91 • J NI 1 OJ= 4 N( 11 I= "' Ill= 4 NI 131 = 4 NI 141 = N( 1',I = 5 'JI 161 = 5 
NI 171• ;, NI 1~) = 6 NI 191 = " 201 = 6 N( 211 = ' N( 221 = NI 231 = 7 "' l4 l = 
NI 251 a 7 NI l61 = A NI 271= A NI 2t0 = 8 N< 291 = A NI 30 I= , NI 31 I= 9 '" 321 = g 

Nf JJ)a: 9 NI 341 = I 0 N( 351 = 10 NI 361 = 10 N l ]71 = 11 '" JSI = 11 NI ]QI= II "' .. 01 = II 
NI UJ= 12 NI 421 = IZ NI 431 = 12 N< 4"-) = 13 N( 4,1 = lJ "'' 461= l4 NI 4 7J = ]4 "'' .. a1 = 1• 
NI 1t9J• 15 NI 50 I= 15 NI c;1 I= 15 " Sil= 16 NI 

GkOUNO COVER 11-4 POLAR ZO~E 
(4) 

GCl I I• .JSI GCl 71 = • 347 GCl ll = • Jl6 GC l 41 = o?90 GC l 51 = .400 GC l bl= .,11 c;c l 7) = • 144 
GC< Bl= .321 GC l 91 • • JOQ ur., l 01 = .375 GCl 111 = .:,,2 GC l 121 • .JJ2 GC l 13) = .'13 GC( 14 I= • Jb9 
GCl 151 = .J49 uC l .,, = .JJI Gr( 17 I= .314 JC( lRI = • 357 UC I I 91 • • )40 GC( 20 I= • 123 GCl t 11 = • 107 
GCl Z2J = .342 &Cl 211 = • 326 ... ~, 24 I= .JI I GC I 2S I= .296 GC l 261 = • ]23 GC I 2n = • lO'il GC l 2d) = • 2'-11:> 
GC< 291 = .ld2 GC l JOI= .J01 GC l 31 I: .,a, GC l 321 = • ?76 GC< 331 = .tb4 GC! ]4) = • ?80 GCl 351 = .?~8 
GCI ]61 = .z5, GCl 371 = .2b-l GC l 3" I= .l56 Gt l J~I = .?44 GCl 40 I: .233 GC l 411 = • ?42 GCl .. 21 = • ~30 
GCf 431 = .ZI• GCI lt4J z .ZZ5 GCl .. :,, = .214 GC< 41,J = .?18 GCI "t 7J = .201 GC I -4d) = • 195 &Cl "t9) = • I ~7 
GCI 50) s .ld5 uC l 511 = .174 GC l S?I = .113 Gt! 

GROU"'D COVEO IN POLAR ZOsl 

GCI II• .381 GCl 21 • 0355 UC f 1) = • 32:1 Gt: C ... .298 GCl 5) = .413 GC l 6) = .183 GC l 71 = .1S6 
GC l 81 • .JJJ ucc Q1= .Jll GC I 10) = .:Ho Gt I 111 = • .167 GC l 121 = .J4b GCl 131 = .126 GCl l 41: .186 
GCl 15)= • 365 GCl 11,1z: • 346 GCl 171 = • )2Q GC I 181 = .375 GC l 191 = • 357 GC ( 20 I= .140 GCI 21 I= • J24 
GCl 22, 111 .J09 GCl 2JJ = .344 GCl 24J = • 329 GC l 251 = .114 GC l l6 > = • JOO GC l 27 I= • 128 GCl b\l= • 114 
GCl 291c .JOI GCl )OJ= .la~ Gr.I JI I= .310 GC I 321 = .296 GC l J]J = .l8i1t GC l 341 = .?72 GCl 351 = o2d9 
GCl 361z: .zn UCI )7) = .265 GCl JQ.) = • ~1Q GC l 3~) = .266 GC l <1tO I= .2ss GC l 41) = .;,43 GCl 421 = .?.~4 
GC< 431• .Z42 GC< 44J= .231 GCI 4.c;, = .23~ GCf 46J= .n1 GCI ot11= ollb GC f 4lU= .?21 GCl 49) = • ;,J 0 
GCl 501 • .H9 <,Cl SIi= .201 GCl ':>~I= • I .,,0 GCI 531 = -191 GC l 

GROll~O COVEO IN POLAR 7.o,1E 

GCl I I• .HI uC< 21 = • 357 GCl .,, = .JJJ Gt:I 4) = • 306 GCl SI= .425 GCI 01= .'.195 GC l ,, . .168 
GCl 81• .3"44 GC l 91 = .J2J Gr.I l OJ= .40t. GCI 111 = • 381 GCl 121 = .359 GC l 131 = .140 GCl 1"4) = .402 
GCl 15)• .JSI c;c, 161 = • 362 GC I I 71 = .J4,. Gel 181 = .328 GCl 191 = .J7'4 Gel 201 = .157 GC ( ll 1 = • J1tl 
GC< 221• 0 325 GCI 2ll = • 361 GC l 2'- I= • 3•7 GCI 25,= .JJZ GCC l61 = .lid GCl l7p: .10,. GCI 28) = .133 
Ge< 291 = .319 GC< JOI= • JDn GCl JJI = .i-13 GCl 321 = • JI 7 GCl jJJ = .JOit GC l 34) = .;,qJ GCl J51 = .21q 
GC l 361= .2<8 GCl 311 = .t85 OC( 3~1 = _.,,,,. CiCI 3-i) = o2A9 GC l '-0 I= .211 GCl 411 = .;,65 uCl 421= .?54 
GCI 431 • .265 GC< 441 = .l~4 Gt:< ir..;; I= .t'lt] 5c.;, 461= .?51 GCl "'II= .ci.o GC l -48J = .?2~ GCI .,9, = ,?35 
GCl 501• .2z4 GCl SI I= .21.l GC < ~?I= .~17 Gt I 531 = .206 GC l 541 = .J9', GC l 551 = • I Qt, GC l 

GROUND COYER Ill POLAR 70-.Jl 

GC l I I• .HI uCl 21 • _3c;7 <,,:( 11 = .JJ6 GC l 4) = .:H4 uC l 51 = .4H GC l 61 = .406 UC C ., , = • 17~ 
GC l 81 = .J55 UCI ., = .n, UC C In I= .41 B :;c I Ill= • J91t c;c1 I lJ = .373 GCl J:JI = • 15) GC( l4p: .134 
GCI ISi• .H7 GCI 16)::1 .377 GC( 171= • 359 GC I 181 = • 342 GCl 191 • • J•2 GCl lO I= • 174 GC( ZII = • 1:>7 
GCl lZI• .342 UCI 231 = .327 GCl 2t.' = • 365 GC I 251 = • 150 GC l 261 = .J3':, GCl 27>= o121 GCl 281 = .1~2 
GCl 291c .JJ~ GC l ]0 I= .32't GCl 31 I= • JI 2 GC l 321 = .]37 GCl 331-= .)23 GCl 34) = olll GC l 351 = .298 
GC l 361 = .Zd1 GC l 37) = • JOI-I GC l ]Al: .2~4 GC l J'il = o2A2 GCl <1tOI = .2Qd GC l 41 I= .?87 GC< 42) = .215 
GCI 431= .2&4 GC< 441a: .l7"i Gr.< "t"'il= .cbS GCf 461= .254 GCl ,it7) = .z& .. GC l 48):a: .?53 GC( "49) = .?.42 
GCI SOI Ill .231 uC I -;1). .23• GC l S;,):. .;,27 GC.I 531 = .211 GC l ~4) = .n1 GCl ,s, = .,. 0 GCI ~6) = .>13 
GCl 57)• .lO? GC l 

40703-II-2 
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HEL1An VERSIO'J 13, TIME POl~T ANO/OR AN~UAL ENERGY 
ROUNt) FIELD WITH LOW P40F'Ill:. 11ELIOSHTS 

Nii TOPS 
ll 

""' •rv 
Io. JB 

kf I ~l D 
87~.ooo 

•D 
I O.Jq 

TOWflc t-1 
ftlS.000 

xDr 
16.60 

GCOVER 
.300 

&LEN 
ft9.80 

SPACE~ 
I .oo 

(5) 

GAP 

.250 
WU)NG 

.480 
.iCROSS 

• 3~5 
-iHH 
.111 

JlLTRl 
4.681 

OSIDE 
,t11tO 

HTMlA 
.833 

HTCROS 
.833 

TH~ CE~T[Q W4.VELfNGTH5 OF THE. hi'ENTY EQUAL ENE~ti1 RA'iQc;, 
.1~000 .44000 .4~000 .51000 .~4000 .i,1000 ,60000 .63000 
.74000 .71'1000 .82000 .87000 .'11&000 1.02000 1.0~000 1.22(100 

TOI SX 
0. 000 

LATITUDE= 15.t-iA 

SEP 

"· 3 

DOI 
26.J 

RC0~1E 

IR. Ob 

WAP~AX 

25. O 

PQOG!=fAM OPT lO~S USED 
INDJVIUUAL fO(U(.,JN,; 
INDIVIDUAL TOt::-1~J 

Till SY 
-419.000 

1-lOUR 

AFIELD 
2336271 .67q 

12 

CA.VJ TY REC€ I VE-=l SPfCS 

002 RUJF 
c.S. 9 o.o 

Tl'tECO~ .. , 
-11.P.'11 "'4 

I 9. 3 

RCO 
I •s. 000 

i.tCAV UD3 
54 .o 4'i.5 

t1TOJ 
19.29 

OF'FSET 
o. 0 

TOEJN SJQAffGY FOi,,' 3/21 AT 12.0 
FACtTS GANGE"\) 

PAX lA 
0.00000 

Hfl JOST AT OPTICAL PAIUMETnts 

t->AXll:J T5R PMl:J 
OanOOOO O.OnOOO 0.00000 

l'AX IV 
.11 soo 

1-'Al2V 
.11,00 

AIMHUT 
Q.6 

TTILT 

rsv 
• 05000 

o.oo 

PHY 
.o~ooo 

.J088949U1,tE•l0 •••••••••• 

c;TATISTJC<;. FQi,.1 l O RUN(j AT t500 HAY'S Pt:R QUN 

c;ooo•••o••OUTPUT CODE•••••••••• 

ETAI=F~ACTIO!\J OF FHLO FLUl THAT '-+IT MJRROl<S 
ET A? =REFLECT A"JCf 
ETAl=FkACTION OF fUJX t-,1Qr fltl5CUHED O'\I TH~ IIIAY OUT 
ETA4=fkACT IOM OF F"LUX TMAT HIT TO"E:R 
ETAc;=fhACTIO'II OF fIELO F"LUI. THAT HlT CAVITY' 
ETAh=F"RACTION t)F FJELD FLU? TrtAT 1-1lT lHl CAVJ1V WALLS 
ETA7=FRACTION OF FJELIJ FLUll: THAT WAS I~ TON'EA 5HA0JW 

EFLUll=TOTAL fLIJX ON FIELD IN l<WH 
EFlllX.2=TOTAL fltJX ON MIR~O~S IN l(ilf-t 
EFUJll.3=l01AL fLIIK L£A\JJN'.; ""HI.WOl"IS lN K'IIH 
EFLUX.t.=TOTAL fll1X. CLEA!\JLY AWAY f~0'1 FHLD J""il l(WH 
EFLUAS=TOTAL FllJX ON POW• R TOWEH J._, l(lJilt-1 

EfltlAb=fLUX ON (AVtlY OJ • f11SEH PJ '<W'-+ 
ff LUX r=FLUX ON CAVITY \111,0,LL'; IN K-H 
EfLUXti=FLUX ON r:AVJTV CEILING IN 1<;111H, 

Nl=RAYS DHAIIIN l:JF_fOJ.JE SUNc,1Jc;,f 
N2==PAYS ORAWN WHEN THE SIJN WAS TOO LOW 
NJ=PAY~ OHAWfll THAT HIT T"il OPE~ rJC:LD 
N4=RAYS WHICH HIT MIRROH B,1T WEl-lE LOS( IN S 0 ACE 
NS=RAYS LJRAWN THAT WEHE "4LOCKED Jr~ Ol\ldLUCKS 
N6=RAYS THAT WERE OBSCUl-li:"0 IN Off"BL.OCK 
N7=1UYS WHICH HJT CAVITY OffFLISE.~ 
N8=RA YS WH I C"i HIT WALL,; 
N9=RAYS Wt-!JCH HIT ROOF 
NIU=HAVS WHICH ~,ssED Hl(",H 
NI l=RAVS WHICH ~J5c;ED AC-;,,Oc;S THt: F~O"Jl 
Nl2=MAVS WHICH MISSED L0,1 
Nl3=J.1:A'f'S Wt-!ICH HIT SUPl='OQTc; 
Nl'+=MAYS WHICM wERF IN T!-iE TOIJIIER S-tADOW 
NJS=RAYS WHICH wHJ~TLl,J TH..:OUGH 
Nlh=RAYS WHICH FRAME SHA,)O"<ED ON SA.Ml[ t-!ELIO 
NI 7:kAYS WHJC~ FRA"'IE. SHAr>Oloif.0 ON OfHE~ HEL IO 
Nld=WA'f'S WHICrt FRAME HLOCKFU ON SA\t[ HELIO 
NJl~=RAYS WtHCl"I FRA~F. HL01=K~U ON 0T'1E.~ rt[LIO 

ETA! ETA? ETA] E:TA4 ETAS ETA6 fTA7 
.1390~ .QOOOn .9<18'15 .97835 .29t,20 .26431 .00810 

EFLLIX) EfLUX.lt 

•66000 
I .•BOOO 

.10000 
1.68000 

(8) 

(9) 

(10) 

(11) 

112) 

(14) 

115) 

116) 

EFLUX.S 

.14071SE•O'l 

EFLU.11:.b 

.~6970JF•0'f • l247?7F •09 

EFLU•B 

• I 59~86E •OB 

Nl NI. NJ "-'It Ne; N6 11,17 "JR N9 NlO Nll Nl2 Nl) tiJl4 NlS -.,16 '\117 "tllJ N19 
I HIU 26 3q6u O O O 2Jq~ 301 tf> d O 12 50:. l'l .. 9 ,,, 5 I 

40703-II-2 

(6) 

(7) 



F-23 
Jl"E JNlf:'.GAATJ~N AUN 

HOURS OF' S11NSMl~E I" THE YEAR 111 

ACTUAL NJRROP AR! A 
6)8)3,8110 

t.t.l[R6Y ll(WHI 
UNSHAl>OWED 
SHADOWED 
LEAVING MIRROR 
CLEAl;t Y AWAY 
THRU APEATUR£ 
AASOH~ED 

01Af'CJ .,.OQMAL lNEAGY 
)ZOO, HJA 

PEA SU. "ffTE~ 
2'&66.A2'Ctl 
2so,.2242 
22~5,6018 
225),0077 
2204,Zl06 
19RJ,8075 

TIIACKJNG EFFICIENCY IUNSHAOO•EDI 

IIUMIIER OF 
SUl'PllRTS 

SUPPORT 
WIDTH 

TOP F'AAME 
60 

2,0 

ICLEANLY A•A.YI 

SJOf F'AAMEl!i 
• )2 

,AJ32 
.103~ 

ROTTOH FRAME 
ll 

ENERGY LOST Ot.t rlUME IN KWli 

f'AAMF C.l'tAOOli' FRAME 8LOCK 
0~ SAM£ r<FLIO ~N DIFF SfLlO 

11•4427,2 105•119,4 
ON SAME HfLIO ON UlFF HfLIO 

94S7n.& 71034,0 

SUMMANY OF HIT ANO AL0CKAli£ C~U-15 SY FACET 

FACET TOTAL HITS LESS HITS SL~CKEU RY 
INDEX HITS dt oc-.s I 2 J • I 675 675 0 u 0 0 

2 68) 6AJ 0 0 0 0 
J 675 675 0 0 0 0 4 725 725 0 0 0 0 

OFF~LOCK SUMMARY 

FACfT 2 ) 4 
I 0 0 0 
2 0 0 0 
J 0 0 0 
4 0 

CAVITY -.&LL MAP 

FROM o,o 4S,D 90,0 I 35,U 180,0 us,u 210, 0 TO 45,0 90,0 I JS,O 1 qo.o u,.o 270,U 315,0 

TOP 
FROM TO 
43,2 54,0 Ac;,2?.ft 22,860 16,bntt 74,040 2~.,68 67. 78"1 54,565 )2,4 0,2 105,JSO 104,024 ICtS,4'19 IJ2,z•• 1 JJ, 061 162,89H 79,266 21,6 32,• 6R,ltbY 79,8Ct 7 JJ/,0)7 )00,875 321 ,06J J04,J9't 1)0,438 10,8 21 •• ?,012 , •• 752 616,lSJ S/2,452 !:,O"il. 7qz !:>bl• 00':t Q4, 744 0,0 10,8 o.ono 14,762 l46,S2J 276,797 21,.142 1•0.71; 1 ,.eoo ~OTTOM 

CI HCUHF"lRE ~TI AL AVE WALL F'LUl 

FRON TO AVE: FLU}( AT SU~ BOfTOW /JP AT !;lJH 10P DOWN 0,0 10,8 60,042 S4, 0 0.000 o.u o. 000 10,8 Zl,O l l-1.876 1tJ.2 18144,635 10,8 9368,0RS ?1,6 l2,• 201,A21 J2,• 6Sl66,09U 21 .6 ~d071 ,077 12 ... •l,Z JOI ,371 ZI ,6 •••ss.111 32,4 >%60, 7~• 43,2 54.0 11-..ZQJ let.A 1 ISJ58, 72d 43,2 10~582, l 78 
o.o 124720.~IJ 54.IJ 12•726.AlJ 

CAVITY CULING ~AP 

F'WO~ o.on 11,07 15,05 ••• 17 u.14 
TO 11.01 I c;.&; 1 <, 17 22, 14 Z•. 1'> 

AV£ 7 .tt, IJ,56 11.so 20. 71 2J.•8 

F'AO~ TO AVE 
0,0 4~.o 22,5 10'6. 7]6C.. 11s.nir.H, 7S. 7623 2J,850A I 14,'>6•u 45,0 90.0 67,5 ?O.O650 109,0HS 98,25RJ I 1'>.5579 69.5975 

~o.o 135,0 112,', I 74. 7nsn 111,6963 1U,l67J 6Z,Jl36 3),32•2 1)5,0 180,0 157.!::t 11.on, I 04• 7l80 s~.o~s• J2,921D ,8)07 
1 •o.o 225,0 202,', 47 .1ti?S? 143. 04iS ~9.ll'-4 48,698A 7b.84!:i0 z;iis.o 270,0 247,S ~6.9970 101,3623 144,5728 160.1391 n-..9ett,. 
270,0 11,.0 2•2.s 100.s,37 76, 7920 173.lltU~ 40,238• 9S,9889 
315,0 360,0 337,S 17,846? 102.1•2~ .,.,._ 7743 'il.337O 107,S40J 

40703-II-2 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

JI~. 0 
360,0 

73,f\A1 
Q6,~]R 

71,At+~ 
o.noo 
o.ono 

(24) 

(25) 
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(26) 

AZZJMOlJTH AVE CEILING fLllX 

F'"RQ"I TO AVE 

o.o 11.1 1.0 72.9191 

11.1 Jc:;. 7 I J,6 107.9950 

1s. 1 19.2 17.':I 116.652? 

1~.2 ,n.1 20. 7 72,M21 
;?2.1 24.8 23.5 76.7112 

"'IIIH/SO."I ENERGY ... Of P:lWER TOWER 14JPROR FIELD (27) 

o. .. ,11.&<l!E-ol .:nsE•OO ,296[•00 0 Sl0E•0O • 3'31E•O<l .,E,llf-0\ .. o • o. 

o. • I85E•00 ,J67E•00 ... 26E•00 .J72E•00 ,5J4E•00 o502E•0o .SlOf•OO .226E-00 o. . . 
0 14JE•OO o474F.•00 o':i88E•OO • 7RIE•OO 0 607E•OD .6':12E•00 o590E•00 .':12SE•OO • l4ft[•00 • '145[-01 .. 
.474[+00 .r;JS!:•00 .t,6SE•00 .':161( • 00 .SJJE•00 0 57'ilE•OO ob95E•On .690F'•00 .S6bE•00 • JltAE•00 .. 
.41.CE•OO .t;tSf•00 .7~4E•00 ,tH,OE•OO • 799[+00 .696[•00 o822E•00 • 758F•OO • 700E•00 .686[•00 o. 

.b2ftE•00 o561E•00 • 768E•OO .171[•00 0 57SE•00 • 66JE•OO ,125E•00 .S61F•OO .~62E•00 olt0Bt:•00 .. 

.461E•00 .f,35E•OO .S':16E•OO .8R2E•OO • 74.tiE•OO • 7Z8E•OO .842E•On • 758F•OO .b66E•OO .J41E•OO .. 

.Z70E•OO .7llE•00 • r65E•OO .b7Jf • OO • I 17E•OO .516E•Ol • t4'1E•On .856t •OO • l59E•OO .ii!OltE•OO .. 
o. • 119£•00 .481tE•OO .dBbE•OO • 7l IE•OO • 759[•00 • I09E•OI .676i::•oo .J92E•OO .. . . 
o. o. .?55E•OO • l!bE•OO • 87SE•OO 0 995E•ll0 .1tS2E•OO .i.1er.•oo o. o. .. 

NO'HH HALF FIELn EMERGl'= .632bE•Oi """ SOUTH rtALF FJELn E1>JEQGl'= • 771t5E•05 """ 

HIH ON TsE l'IELJO F IELL> 

0 0 • 19 11 

0 II 24 24 23 

• ,s ,. 38 32 

20 31 42 JI J7 

22 Jl ., .. , ,s 
2b ,. 4b 40 35 

22 JS 34 40 41 

II 32 42 42 1 

0 11 30 4b JJ 

0 0 lJ 31 44 

FLU,; ON THE F IELn 

o. o. .;;>49F:•0b .9olE•Ob • l'.\lt':'E•Ob 

o. 0 5JOE•06 • J05F•07 .VZE•07 .107!:•07 

.ltlOE•Ob .13bE•07 o l6BE•07 02-!ti-E•O I • 17ti-E•07 

.l3bE•07 • l~JE•07 • \ 'illl:•07 • 1,.IE•o7 • 1SJE•07 

.11BE•07 • l1t7E•07 .;;>2BE•07 0 246E•07 o22'-'E•07 

.1HE•07 • lblE•07 .??0F•07 0 2?2E•07 o l6~E•07 

• I J2E•07 • 182E•07 • \S'ilE•07 .2"iJE•07 .21 .. ~ •07 

• 775f•Ob .209E•07 .?19£•07 0 H2F.•07 .JJbE•Ob 

o. .914E•O~ • \39t::•07 .254£•07 .201t~•07 

o. o. • 7J0f•Ob .205£•07 .ZSlE•O I 

Flllll LOST TO SHADOW JNG 

o. o. • 7874M[•Ol .lZbJIE-05 ,. .<;0~bU•0'-1 oAA,r,,l tE•O', 0 l1t9l 1E•O'> 

• 79932£•03 o6044JF •0'> o"i4h90E•OS .l128gE•06 

.ltOb95£•0!::i 0 QOJ45f•0"> • J':,;;,QQE.•06 .1t">!UIE•OS 

.1364lf•O::J .2J021tF •0~ .l'\8)9ij£•05 • I 7~0IE•Ob 

ol2108f•06 .5R613F•Oe; • 14?01iE•Ot-. .24b~4E•06 

.607971:•0<• • f,,0752~ • 05 o l4717E•Ob • I l l'llE•Ob 

o. .'i7Gl44F•0':, .t 5.Q71E •06 • 54IS'5E•OS 

o. o1t4l5bF •0'> ollfl70E•Ut-. .l36~2E•06 

o. o. • 71 I 7t-E•04 .ll~~flE•O':i 

F'LUlt LOST TO HELIO~TAT TO HF..LtO~TAT SHAOf'\IU 

o. o. 0 61t49',E•02 • 2l6JOC::•Ol 

o. .1357bF •0':i .1144!£•0':i • ,nsttOE•Olt 

o. .2432'-JF•Ol .Uc:;bi.E•Ol .129l5E•O!> 

.40695[•0~ • 79876E •04 • 7l 17lt.•OS • Jf121t9E•05 

.13641£•0~ • 70291F•04 .J2~13E•OS • l8023E.•OS 

.4926':IF•OS .SR61JF•0S • 10191'1[•06 .1452?£•06 

.60797£•0'- .b075lF•D5 • )47l7E•O" .!H51t6E•O~ 

o. .Sl'iloief.•0~ ol5~71E•Ob • 5'-1!:l';E•O~ 

o. 0 1t4)5bF•05 • 71F>8'iE•0S 0 941tlobE•OS 

o. o. .6374';[•04 .JJ9~6E•O':i 

FLLl.l LOST TU ~LOCl(AJf 

o. o. o. o. 
o. o. o. o. 
o. o. o. o. 
o. o. o. o. 
o. • Jc;bSt>F•Ol o. o. 
o. o. .. o. 
o. • 2"14c'OF•0', o. o • 
o. o. ,. o. 
o. o. .. o. 
o. o. o. o. 

(28) 

JJ ,. s 0 

JJ JO 29 1Z 
JS 39 28 14 4 

JI 32 41 JI 20 ... ., 42 38 ,~ 
39 44 32 JJ 2A 

J9 52 41 38 IS 

• 42 42 ., • 
J4 50 39 18 0 

55 '4 20 0 0 

(29) 

.152E•07 • 102E•07 .19'-E•Ob o • .. 

.153E•07 0 11t'-E•07 • 15lt•o·1 .61e7F.•06 o. 

.ltPE•07 .169E•07 • 150[•07 .41lE•Ot. .271E•Ob 

• LbbE•07 • 199£•07 .1~8[•07 • 1""2E•07 .'il97E•06 

• I 99f•07 .235[•07 .211E:•07 .20lE•07 .197E•07 

• l~OE•07 .208f•07 • 161[•07 • lf,,IE•07 • I 17E•07 

.208E•07 .l41E•07 .217£•07 • l~IE•07 .97bE•Ob 

• l4flE•Ob .214[•0 I .21eSE•07 .217E•07 .585£•'>6 

.217E•07 .Jl 1E•07 • 194[•07 • l 12E•07 .. 

.2A"iE•07 • I 30E•07 • 120E-07 o • o. 

(3D> 
.68899[•05 o. o. o. 
.&\120f•OS .Jl~l2t.•Db o1tll12£•05 Oe 
•IOl3b8E•Ob .187blE•IJ5 .25617E•05 oll210E•05 
.b94lltE•O!, .JS~SOF•llS •'-507lE•05 ,llt948[•0b 
olJ7.ltOE•06 .blt92E•n', elllBIE•Ob olt9690E"•Ollt 
.2}22"1E•06 .I0.1t41F.•l\6 .11J475F.•Ob .i:;t818E•05 
.J0647E•O~ .88,r,,lieF.•DS ,77J91tE•0S ,il4b.ltf•05 
.J0]87E•Ob .znJSf•ll".J .lS07bE•0';» o • 
.8J~94E•0'5 .A7U16!-•0', .lJSJOE•OS o. 
063261'\E•OS .2S]52F.•O'j Ct. U• 

.212<,1tpOS • 16290["06 

.3b871E.•0'5 .}Ob2bt:•Ob 

.92921tE•O~ • 7<,2JIE•05 

.12tt29E•06 .c;7bSOE•OS 
• 16lbSE•O,, .t0560E•Ob 
oll279E•06 .20101[•06 
.J50bbE•06 ol lbblE•Ob 
.10545[•05 .21848[•05 
.Jb495E•O,, • 742tf9E.•OS 
elJ22lE•06 .1<,A71E•06 

.51071E•02 .S3514E.•Ol 

.96l4llE•Oll .Slt'12E•04 
• Jd957E•05 ,flbllill•04 
• Jf-687["05 olt9012t.•Oll 
.693J7E•O<; .85207[•05 
.757BDE•OS .70777E.•OS 
• Jll741tE•O.-, .52l 7bE•OS 
.)OSC.SE•OS .21848£•05 
.27b72E•05 .57025t.•03 
.J71t99E•OS • 707l9E•04 

o. o. 
o. o. 
o. o. 
o. o. 
o. o. 
o. o. 
o. o. 
o. o. 
o. o. 
o. o. 

40703-II-2 

.69Z30E•Ol o. o. o. 
olie701E•OS .l4449E•O'i O. 0• 
.zs,221'\E•OS .lb4llE•Oc;. ,2'-4'-bE•OS eJl210E•OS 
.2322BE•05 .17R83F•05 0 JJ096E•05 .¥906'.iF"-03 
.78'i/bSE•05 .S7A8Jf•0'5 .11J81E•Ob ,49fl90F"•01t 
o'ilb4t5BE•05 ,34!t08F:•OS .10798£•06 .SIBlBF.-05 
oi?0272E•Ob .8At,l4F•OS .77l98F.:•05 .&'Jlt64F•OS 
ol0]87E•Ob .17078F•Ob .83148E•OS O• 
.72510Eo05 .R7t66f•OS .l3SJOE•OS O• 
el94t90Eo05 o25J52f"•n5 O. O, 

(31) 

(32) 

o. o. o. .. .. .. . . .. .. .. .. ,. 
o. .. o. o. 
o. o. , 710l4£•0S .. 
o. .. .. . . 
o. o. .l31t"IOE•05 o. .. o. o. .. 

• 3090)£ •OS o • o. .. .. o. o. o. 



F-25 

TOTAL FLUX 
(33) 

o. o. .l4Q7hE. • 0ft .iJ606[•06 .87657[•06 • 16802£•07 • l 0924E •07 , 19"185E•06 o • o. 
o. ,Sf\lJSF.•06 ,llt.01E•07 , 12~:>ltt:•07 , I 101~E•07 , 161lbHE•07 , 14~82£•07 ,16Q68E•D7 ,690l.2E•06 o • ,4lllSF•06 , l4J 79F•07 , l 7'18h£•07 .ZJ489E•07 , JH32ZE•07 , 19441E•07 , l 7996f •01 , ISt'ilf.•07 • 43982£•06 ,J0185f•06 

, 13983E•07 , lh240F+07 ,20614:1£•07 , l6:tJOE•07 ,16S37£•07 • 171~8E•07 •2061 lf•07 .2011t&F.•n7 ,16672£•07 ,11461F•07 
, 11940£•07 .16850F..•07 ,23~34E•07 ,264li£•07 ,24493£•()7 ,?1S'IJE•07 ,24910£+07 ,2lJ40F•l)1 ,2lilSE•07 , 1970Sf •07 
,19091£•07 ,l6651F•07 ,23t.2f-E•07 ,2471Sf•0I .-1,1a10E•D7 ,21007[•07 e2i896E•07 , 17115£ •()7 ,17939F.•07 , 1220~F•07 
.1J268E•07 ,190Q9F•07 , l 719~£ •D7 ,261t04[•07 ,22921£•07 .2Z012E•07 ,27179E•07 .225'13f.•07 .20198E•07 e"il996SF•06 
• 77ilt76F:•06 .21528f•07 .,?Jc;07E•07 • IGl7b2E•01 • )4689[•06 • 16975[•06 •22ilt8S£•07 • 267'i IF.• n 7 .:23248[•07 .!:,8SlOF•06 

o. .95AJ'ilF•Oor, • 15791[•07 .267bl£•07 e?l023E•07 .22492E•07 .Jlll3E•01 .2D~Jlf•07 .11353E•07 u • 
o. o. • 73751£ •06 .208J:,f•07 .26378£•07 .30082E.•07 .13595£•07 • 12.?Zlt •07 "· "· 

PERCE'IT FLUA LOST TO SHAOOW<i (34a) 

1 1 .JlC'ilOE-02 .1378AE•Ol • 31091[·0 I e969SOE-O l • 63060[ 0 0 I o • I 1 
1 .87661f•Ol .1112,£-0 I .:i.7~l?E-OI • 33466f_ ·O 1 .0491SE·OI .40796E•O 1 .1 oi:;92F •no .62lt69E-Ol 1 

.J94ttlE-02 o42628F•Ol .31,~&E·OI .lttlO~~E-01 .so71~E-Ul .38697E•Ol .6039)[-01 .12,2n-n1 .5A377E•Ol • I0340F•OO 

.2910•f·OI .55632f•01 .1JS74E-OI .277l6E•Ol • 7757ttE-01 .33600E·Ol • 33680[ 00 I .19?84[·01 .llDJ•E•OI • 130ilt2f •00 
• ll 424E·O I • l2417F•OO .Hll>E•Ol .67380E•Ol .1>6000E•O I • 76692E•O I .SSlS•E-01 .28?87F.:-nl .51932E•OI .t5211r-02 
.634Z4r-01 .Js201r-01 .1,0"i4RE-Ol .~9915E•Ol • 74561[•01 .95686E-Ol .927IOE-Ol .61005f.•Ol .I0299E•OO • lt244 7F -o l 
,4582lf•Ol .31AI lF•Ol .84'i99E·Ol .43J•3E•OI .65730£-01 .52974E•OI •lliH6E•OO .H?Z2F·Ol .3R3ZlE•Ol oi3472f•OJ 

o. .Z69l6F•OJ .,7sl 7E•Ol .27404[•01 .30400E•Ol .12e 10c • oo .46195E-Ol .84A61E•nl .64852[•01 o. 
.46073F •Ot •l2ll~E•OO .511~6[•01 • 74897E•UI • 33029< •0 I o26027E-Ol .1tJns2r-n1 ol191RE•Ol 

I o96';0SE•02 • 11>294E•Ol o50131E•OI .52766E•O I o4653ijE•Ol .2D741F.:•nl I 

PERCENT rLUK LOST TO 8LOC<AGE 
(34b) 

I 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. • 44901F•03 o • o. o. o. O, o. .32414£-01 o. o. o. o. o. o. o. o. o. "· o. o. • 15405F•OI o. o. o • o. o. o. .16581E•Ol n. 
o. o. o. o. o. o. o. o. o. o. 

o. o. o. o. o. .~587JE-OZ o, o. o. o. o. o. o. o. 

TOTAL PERCENT or nu, LOST 
(34c) 

1 I ,31Sl0E•0? .1376AE•Ol .31091E•Ol .96950E•Ol • 63069[-01 o • 1 I 
I .8766lf•01 .7712SE-01 0 57~32E•OI .33466E•OI .64915E•Ol .40791,[-01 .1oi;92r•ntJ .&Z469E•Ol I .19441£-02 -•z1,za~-01 • lhS~E-01 .4R058E•Ol .S07BE•OI .J669H•Ol o60l9JE-Ul e 12J27F-Ol .58377£-01 • lOJt.OF•OO 

.z91o•r-01 .556JZF•Ol • 7J•7•E•Ol .Z77Z6E•OI • 77574[•01 ellb01)£•0J ,JJ680f •01 .J~,?d4f-OJ .27034[•01 • J 304?F • 00 
, 11424E•OI el2522'F•Do • HJl>E-01 .~7J!IOE•OI efibOOOE-01 • 76692E•Ol o55159E-Ol .zs~&7F.-ot .84l46F•Ol .,s211r-oi 
.634Z4£•UI .J5201f•OI .60'4•E •O 1 .i9915E•Ol • 74561E•O I .95686£·0 I .927BE-OI .61005!·01 .10299E•OO e421f,47F .. 01 
••58Z1£•0l .47216f-01 .A4599E•Ol .43l•JE•Ol .657JOE·OI .52971• [•01 •1127',E•OO .l~222F•nl .54902E•OI .lJ472F•OI 

o. .26916f•OI .~7517E•OI .27404£-01 .J0400E•Ul .12870E•OO • 46195E-O 1 .R4"61F•Ol eb4852E-O 1 o • 
• 4607JF•Ol • 121 l"E•OO .;;1 ll6l•Ol • 74897E•Ul , Jl029t·OI •3561•£•01 .430d2F'•OI .11~1•r-01 

I .qhc;O"'il-02 -1~294£•01 .SOlllt:•01 .5Z766l•O I o465laE-Ol • 20 7lt 1 E .. n I I 

Ra Ye; WHICH MISSED HJt:.11 
(35al 0 0 0 0 0 0 0 0 

0 1 1 0 0 1 1 n 
0 0 u 0 1 0 I 0 0 
0 0 1 0 0 0 0 0 
I n I u 0 0 0 0 0 
I 0 0 I 0 0 0 0 1 
0 2 1 1 0 0 0 0 z 
0 0 1 l 0 0 1 0 0 
0 1 1 0 0 I 0 0 0 
0 0 0 0 I 0 0 0 0 

RlYS WHlC" MlSSEO LOW 
(35bJ 0 0 0 0 0 0 0 0 0 n 

0 0 0 u 0 0 0 0 0 n 
0 n 0 0 0 0 0 0 0 n 
0 n 0 0 0 0 0 0 0 n 
0 0 0 0 0 0 0 0 0 n 
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 n 0 C 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

RAYS WHICti MIS SEO •c•oss fRl')NT 
(35cl 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 
0 2 0 0 0 0 0 0 1 n 
0 0 0 0 0 0 0 0 0 0 
0 I 0 u 0 0 0 0 0 2 
2 0 0 0 0 0 0 0 0 0 
0 0 I 0 0 0 0 0 0 n 
0 0 0 0 0 0 0 u 0 0 
0 0 0 0 0 0 0 u n 
0 0 0 0 0 0 0 0 0 

RA.Ye; WHICH IIIHISTLEO Tt-tROUGH 
(35d) 0 0 I u 1 0 0 I 0 0 

0 I 1 0 0 I 0 I 0 0 
1 2 0 0 0 0 1 0 0 1 
0 I 0 0 0 0 0 0 1 ? 
J 0 0 0 0 0 0 0 0 I 
I 0 0 0 0 0 0 0 0 I 
0 0 0 u 0 0 0 0 0 n 
0 0 0 0 0 0 0 0 0 n 
0 n 0 n 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

40703-II-2 
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RAYS W~lrN HIT CiRBELS 
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 

I 0 
0 0 0 0 

I 0 0 
0 I 

0 0 0 0 
2 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 0 0 0 

(35e) 

SL A~RAY .7R055f+00 .7Z517i:-+00 .b6JI 7E•OO .SUOJE•OO .473'1)[+00 .Jlt791E•OO e I I 74tlE+0r,0. o. •• (36) 

0 • 7 • 0 
7 • • • s 7 

• • 2 . . s 7 

• s ) • s . J J • • s I I l ) l 2 ) ) 

5 2 2 • • J s • • s I 2 2 I 2 7 
2 2 ) 8 8 2 I 7 
7 s I ) 2 l ) 0 
0 7 ) I I • • 0 
0 0 0 0 0 0 0 0 

(37) 

HJfS IN EAST t.lORTl"I DJV(DEI) QUADRANTS 

MONTH t::IN -f/N -F:1-N EI-N N FIELD '5 f' IELn 

I 8& es 2• •• 11 l li::'J 

2 ., ?I 2, 71 11@ g) 

J 85 J9 29 R) 12" 112 

• ,. '2 20 77 101 g7 

s 83 >8 2, •• 111 112 

• •• ?8 ,. •• ll~ ,,. 
7 8Y ,. )0 OJ ll':i 113 

8 92 ?7 2S ,. I I> g9 

• 87 " " 91 I 1' 110 

10 BS ,. 23 •• 109 112 

II •• ,. 17 100 12? I 17 

12 9& " 
,. 03 12) 102 

IJ 377 97 87 ,., .,. 4J5 ,. , .. 109 9q J)g .., .,. 
IS ll& I 12 . , ,. . ••8 4Jl 

HIT~ JN NOHTH[AS T '1H'.>MTHIIIEST DIVIDED QUAOHANTS 
(38) 

MONTH NE/NW -NI- IN• -Nf./-N't, ~J~I-N• -fllE/Nli•"IIE/-NII 

I IIJ " 
,. ., 107 

2 , .. 39 ,. .. .. 
) 102 S2 21 61 113 

• IOI ., 17 ]9 80 

s IOI SI 24 
., 9, 

• IOl ss 17 57 112 

7 111 ,. 2• ss g3 

8 100 •S " " 99 

9 Ill •• ,. so •• 
10 11 O •S lS SI •• 
II l)8 ,. IS •• 8• 

12 124 ,s 11 SJ 88 

ll ... 17& 00 ... l&S ,. •IS ... 8• 21) 402 

l5 .,. , .. •• 101 JSS 

IJ IS THF. II INTER ~OIJTr-1~ 

,. 15 htE SHMIIIE~ "10-.,TH!> 

,s IS THE SPRING AN) fALL MONTI-IS .. IS !SE JnTAL JEA~l T' f.l\lEHGY 

E•.ERGY l'·I i:-A< T NOMTH DIVJDEI) OUAO~A~T~ 
(39) 

"'0NTH NE sE s, •• N flfll> S f' IELD 

I .JJ~E•04 .qZJE•OJ • IZ~E •04 o405E.•Olt • 745[•04 o2l"E•04 

2 .47JE•04 • I 01£•04 • IO~f•U4 .J88E•04 .B&IE•04 .ZO!»E•04 

) .48JE•04 .?18E•04 0 I 75f.•04 .c.)9t.•04 .9ZlE•04 .394[•04 

.J93E•04 • l4lE•Oc. .BHf.•03 .c.JSE.•Olt .827[•04 .ZZ8E•04 

.i..7JE•04 .~02E•Olo .ZOOE•04 .c.S6E•04 .9Z9E •04 .40;,[•04 

.1t8dE•Oc. .21 JE•04 • I07E•OC. .s70E•04 • IO&l•OS .JME•04 

.501[•04 • t 7ZE•Oi. .lHE•O'- .S22E•04 .103E•OS .369l•O'-

• .S07E•Olt o lfl7E•Olo • l~Of•04 .41 ~E•OC. .926E.•Oilt .3711,E•Olo 

• .i.79[•0 .. olb9E•Olo .JOC.E•04 .S48E•O'- .103E•OS .Z71E•04 

10 .405[•04 .J26E•04 .105[•04 .t.42[•04 .847[•04 • 231[ •04 

II .421E•Oc. .!=!OOE.•OJ 0 7t.4E•03 .42Sl•OC. .ec.7E•04 • 154[•04 

12 .J6IE•01t .1 J&E•04 • 753[•03 .J28t. •04 .6901:.•0ilt • 19;,[•04 

ll • J59E•OS .J99E•Ot. .J8lf•Ott .JSSE•OS .314[•05 • 770[•04 .. • 197[•05 • 773[•04 .693E•04 .1<HE•OS .394[•05 o l4o7E•05 

15 .176[•05 .,-,54[•04 .474f•04 olfl6E•05 .362[•05 • l llE•OS 

,. .53JE•OS. • J82E•O=i • 15:if•OS .SJ8E•OS .107[•06 • 337[•05 

40703-11-2 
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ENERGY IN NORTHEAST NORT~WEST DIVIDED OUADRA'ITS 

MO'ITH 'IORTH WEST SOUT'I EAST 
I .4S9E•04 .294E•04 .459E•OJ .l6JE•O'-
2 .S09E•04 .Z17E•Di. .87JE+0J .254E•04 
l .555E•O'- • 328E•O'- .ll8E•O'- .294E•04 

" .5llE•04 •214£•04 .888E•03 • 220E•04 
5 .575E•04 • J0SE•04 .l8JE•04 +267E•0"' 
6 .570E•O'- +339[+04 • II JE•04 +356E•04 
7 .632E•04 +257[+04 .155E•0te, +354£•04 
8 .5't9E•04 +254E+0lt .139[•04 +360E•04 
9 .643£•04 +277[+04 .87iE•03 +293E•04 

10 .552£•04 • 213E•0lt .682E•03 • 247E•04 
II .S71E•0lt +169[+04 .6J6E•03 +197E•0lt 
12 .485£•04 • 143E•0lt .585£•03 +195£•0"' 
ll .202E•05 o82JE•04 .2SSE•0lt +809£•04 
14 .2JJE•05 +115£•05 .S90E•04 +1J4E•0S 
IS .228E•OS ol03E•OS +l8lE'•0lt +105£•05 
16 .663E•OS +JOIE•OS .123E•OS .J20E•05 

13 15 THE W('ITER '40"1TIIS 

14 15 THE 5UM'4ER '40NTHS 

15 15 THE SPRING ANO FALL MONTHS 

16 IS THE TOTAL YEAQLY ENERGY 

TCY TCY SCOPE 3.4.3 406E.275 02/22177 
21.,.6.16.00COORN FROM /IN 
21.,.6.16.IP 00000256 WORDS - FILE INPUT , OC 00, IN 
21+46.16.DOC,Tl500+MTl,P4. 
21.,.6.16. 
21 .,.6, 17.USER czxn 7TC, l 
2l.46.18.PROJECTC•819•l 
21.46.19.ACCN, TM9II, 0 819• 
21.46.l9.LAdELISAMPLE,L•DOCMEN,VSN•X305R,Rl 
21.s1.oo.'4T50 VOLUME SERIAL NUMBER 15 OX3058 
21 .s1 .oo.'4T5o ASSIGNED TO SAMPLE 
21.Sl•O'-•SVSN= OX3058, RO ACCESS GNANTED 
21.51.05. LABEL READ WAS DOCMEN 
21.51.05. EDITION NUMBER 01 
21.51.05. RETENTION CYCLE 000 
21.51.05. CREATION OATF 77060 
21.s1.os. REEL NUMRER 0001 
21 • 51. 05. UPDATE tP•SAMPLE,-, ,c ,F J 
21.s1.15. UPDATE COMPLETE. 
21.51 o 15.FTN I !•COMPILE l 
21.53.02. 22.87] CP SECONDS co~PILAT[ON T(~E 
21.53.02.LGO. 
21 .53.44.LOCKlN. 
21.57.51. STOP 
21.57.SI.OP 00075008 WORDS - FIL• OUTPUT , DC 40, IN 
21.57.51.lSEQ, ENTERED QUEUE 21.46oll 77080 
21.57.51.ISSW, 275.270 EXECUTION TIME 
21.57.Sl.MS 130192 WORDS I l8?784 MAX USEDI 
21.57.SI.CPA l66.701 ~EC. 
2I.S7.S3.IO 108,569 ~EC. 
21,S7.S3.CM 2208.'-91 KWS. 
2I.S7.S3.155N, 200.220 TOTAL SRUS NON•~PPLICATION 
21.57.53.PP 94.725 SEC. DATE 03/21177 
21.57,53,EJ ENU OF JOB, IN 

TCY TCY SCOPE 3.4.3 406E.?75 02/22177 
2l.•6.16.DOCOORN FQOM /[N 
21.46,16.IP 00000256 WOPDS - FILE INPUT • DC 00, IN 
21. 46.16. DOC, Tl SOO, MTI, P4 • 
21.•6. 16. 
21 .t.6.17.US(Q <ZXF l 7TC, I 
2l,lt6,18,PAOJECT(•819•J 
21,46,19,ACCN, TM911, •819• 
21.46.19.LA~ELISAMPLE,L=OOCMEN,vs~••lOSR,RI 
21.s1.oo.MT5o VOLUME SERIAL NUHRER 15 ox3D58 
21.s1.oo.MTSO ASSIGNfD TO SAMPLE 
2lo5lo04oSVSN= OX3058, RO ACCESS GRANTED 
21.51.os. LABEL READ WAS OOcMrN 
21.51,05. EDITION NUMBER 01 
21.s1,os. RETENTION CYCLE 000 
21.51.05. CREATION DATf 77069 
21 .51.0S. I/EEL NUM~ER 0001 
21,51,0S,UPDATECP=SA~PLE,W,C,fl 
21.51.15. UPDATE COMPLETE. 
21 •51 • 15.FTNI l=COMPILEl 
21.53.02. 22.873 CP SECONDS co~PILAT[ON TIME 
21.53.02.LGO. 
21 .53.44.LOCKIN. 
21.57.51. STOP 
21.57 0 51.0P 00075008 WORDS - FILE OUTPUT • DC '-0, IN 
21.57,51.lSEQ, ENTERED QUEUE 2l.46oll 77080 
21.57.51,lSSW, 275.270 EXECUTION TIME 
2l.s7.51.MS l3bl92 WORDS I 182784 MAX uSFDl 
21.51.51.CPA 166.701 SEC. 
21.s1.53.10 108.569 SEC. 
21.57.53.CH 2208.,.91 KWS. 
21 .57.53 •. lSSN, aoo.220 TOTAL saus NON-APPLICATION 
21.57.53.PP 94 0 725 ~EC. DATE 03/21177 
21.57 0 53.EJ END OF JOB, IN 

EAST • WEST 
.457£•04 
.471[+04 
.622E•0lt 
.434[•04 
.572E•04 
.695[•04 
.611E•O'-
+614[+04 
.570£•04 
+460£•04 
+l66E.•0't 
.338£•04 
.16JE•OS 
.249E•05 
+209E•0S 
.621E•05 
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